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Fig.  I.  The  prototype  buoy  systen,  shoun  above,  was  developed 
during  the  research  reported  herein  for  the  U.  S.  Naval 
Oceanographic  Office  and  the  Office  of  Naval  Research 
for  the  Hysarch  Program  (a  hydrographic  survey  and 
charting  system).  The  photo  v/as  taken  in  the  Gi'eat 
Bay  estuajy  near  Portsmouth,  N.  H. ,  which  provided  , 
ocean  currents  of  two  knots  for  parts  of  the  full 
scale  experimental  study. 
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ABSTRACT 


TiUs  docur^nt  reports -the  results  of  an  analytical  design 
study  and  a  pi-ototypc  cxpcriniental  program  uiii ch  investigated  the 
characteristics  and  performance  of  a  buoy  system  for  the  U.  S. 
daval  Oceanographic  Office  llysurcii  Program.  The  buoy  system  serves 


as  a  reference  station  for  a  hyperbolic  navigation  system  for  coastal 
hydrograpnic  survey.  Tne  v/ojic  reported  herein  consisted  cf  an 
analytical  evaluation  of  several  classes  of  buoy  systems,  a  detailed 
design  of  a  prototype  system,  an  experinjental  program  v/ith  a  full 
scale  prototype  buoy  system  in  fc/o  oceanic  envi ronr.ients ,  and  an 


evaluation  of  the  operational  characteristics  of  the  prototype  system. 

The  prototype  evaluation  shovied  that  a  highly  compliant  taut- 
wire  moored  surface  ouoy  configuration  can  provide  vertical  stabili¬ 
ties  of  less  than  eight  degrees  variation  and  a  watch  circle  of  ap¬ 
proximately  ten  percent  of  depth,  in  sea  conditions  of  up  to  Sea 
State  four  and  with  ocean  currents  up  to  three  quarters  of  a  knot. 


( 


xi 


I.  BACKGI<OU;!D  AilU  OiJJtCTIVtS  OF  THE 


iiUUY  DhVELOW'EIlT  STUDY 


A.  IrtTRODUCTIOH 


In  February  1967  the  Experimental  Astronony  Laboratory  at  the 
Massachusetts  Institute  of  Technology  undertook  a  feasibility  study 
of  a  new  hydrographic  survey  and  charting  system  for  tire  U.  S.  Haval 
Oceanographic  Office.  Tne  results  of  that  study,  .published  in 
February  1968  is  a  system  knov/n  as  Hysurch  (Hydr'ographiC  survey  and 
charting  system).  One  of  the  central  purposes  of  the  Hysurcli  System 
is  to  decrease  the  time  required  for  the  acquisition  and  processing  of 
data  associated  with  hydrographic  survey  work.  For  a  detailed  des¬ 
cription  of  the  Hysurch  concept,  the  reader  is  referred  to  Reference 
1  which  provides  a  rather  complete  picture  of  the  Hysurch  system. 

8.  HAVIGATIOd  SYSTEM  CHARACTERISTICS  OF  HYSURCH  PROGRAM 


One,  of  the  key  ingredients  in  tlie  Hysurch  system,  is  the  ac¬ 
quisition  of  depth  information  by  high  speed  sound  boats.  These  boats 
traveling  at  s^/eeds  up  to  thirty-five  knots,  use  acoustical  sounding 
techniques  to  acquire  water  depth  information  over  the  path  traversed 
by  tne  sound  boat.  For  charting  purposes,  it  is  critical' to  know  the 
position  of  the  sound  boat  to  correlate  with  the  acquired  depth  infor¬ 
mation.  The  Hysurch  system  proposes  that  a  radio-navigation  system  of 
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the  Hyperbolic  type  ’  ’  ’  be  used.  A  description  of  how  a  hyperbolic 
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*An  superscript  nimierals  indicate  references  listed  in  Appendix  I. 


r 


f 


system  works ,  is  given  in  Reference  1  and  is  quoted  here. 

"To  set  up  a  hyperoolic  navigation  grid,  a  logistics  boat  deploys 
a  transmit- receive  buoy  (a  slave  station)  within  a  mile  of  shore  near 
an  endjpoint  of  the  whole  survey.  A  monitor  craft  nominally  twenty  miles 
off  shore  near  the  center  of  the  to  be  surveyed  coast  length,  has  a 
similar  transmit-receive  station  called  a  master  station.  Tne  radio 
waves  emanating  from  the  slave  interfere  destructively  with  or  cancel 
the  radio  waves  from  the  master  at  ve>y  nearly  fixed  points  on  the 
earth  (as  long  as  the  stations  are  securely  anchored). 

These  points  all  lie  on  a  hyperbola  as  shoi/n  in  Figure  11,  hence, 
the  name  hyperbolic  system.  Tne  hyperbolas  are  called  lanes,  how  sup¬ 
pose  a  second  slave  station  is  deployed  by  a  logistic  boat  at  the  other 
endpoint  of  the  survey,  again  anchoring  within  a  mile  of  shore.  Seventy 
miles  is  a  nominal  slave-station-pair  separation.  Slave  Ho.  2  also  has 
a  transmit-receive  capability,  on  the  same  carrier  frequency — 1. 5-2.0 
tHz-— as  both  slave  Ho.  1  and  the  master  station.  This  sets  up  a  second 
set  of  hyperbolic  lines  of  waves  cancellation.  It  will  be  seen  from 
Figure  III  that  the  two  sets  of  hyperbolas  intersect  at  various  angles 
making  up  a  radiation  net.  If,  now,  a  sound  boat  is  traveling  across 
this  net,  it  will  locate  itself  within  the  net  if; 

1.  It  has  a  radio  receiver  that  can  count  the  hyper¬ 
bolas  the  boat  is  crossing  by  noting  the  rise 
and  fall  of  the  received  signal.  Tiiis  signal 
always  reflects  the  degree  of  cancellation  of 

0 

the  waves  from  the  master  station  and  one  of  the 
slaves.  The  signal  goes  nearly  to  zero  (or  to 
a  minimum)  as  a  lane  is  crossed. 
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Two  sets  of  hyperbolic  loncs  creolcii  by  the  cancellation  of  waves 
(I)  from  SIovc  One  end  the  Mosicr  end  (2)  from  Slave  Two  end  the  Moster 
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2.  iliick  slave  is  Itclng  received,  i.e. ,  which 
Iqrpeiho^e  set  is  being  cDur.ted  is  detenained 
as  follows:  Each  iqfperbola  set  is  nodulated 
with  a  different  tsae  ouili  into  the  waster 
and  slave  stations.  Thus,  the  two  tones,  de- 
nodulated  at  the  receiver,  arc  separately  used 
to  count  hyperbolas  or  lar^  bn  the  two  sets 
of  lanes. 

3..  Finally,  the  aaster  station  aboard  the  saonitor* 
craft  can  knew  tdiere  it  is  all  tines  relative 
to  the  slaves,  and  can  keep  trade  of  its  posi¬ 
tion,  that  is,  keep  stationed  ^out  twenty  ailes 
off  shore,  accordingly.  It  dees  this  by  dual 
ranging  on  its  slaves.  See  Reference  1,2,  3, 

4,  5,  for  more  details  on  dual-range  systens. 

C.  GEdERAL  PURPOSES  OF  dUOY  KSIQI  STUDY 

Tne  riysurch  System,  then,  requires  buoys  as  slave  stations  for 
the  radio  navigation  system.  As  one  can  surmise,  the  accuracy  of  lo¬ 
cation  for  these  buoys  is  of  critical  importance  to  the  performance 
of  the  Hysurch  System.  Uncertainty  in  the  slave  station  position 
places  a  similar  uncertainty  in  the  location  of  the  sounding  boats, 
hence  an  error  in  the  positicn  associated  v/ith  the  received  depth 
sounding  data.  An  error  analysis,  by  the  M.I.T.  group,  indicates  that 
buoy  location  watch  circles  should  be  approximately  10  percent  of  water 
depth,  for  shallow  coastal  waters  of  up  to  about  two  hundred  feet. 


The  pufipose  of  toe  progrM  of  research  reported  in  this  dooMcnt, 
tftfS  to  cendti^t  a  stud;f  of  various  bjoy  configuralicas  uhich  iris^t  »ixt 
the  pei^ontance  rcquireatcsits,  and  to  do  a.  full  scale  prototype  in  situ 
evaluation  of  tne  system  or  systess  cost  likely  to  provide  toe  requisite 
characteristics.  Inis  report  oentains  a  review  of  the  design  stwfy,  a 
discussion  of  trade  offs  associated  with  varioiis  buoy  and  aooring  con¬ 
figurations,  a  description  of  the  e^pcrinental  piograa  under  which  the 
prototype  was  evaluated,  and  a  review  of  the  operationa!  characteristics 
of  me  designtid  ouqy  in  ocean  currents  op  to  two  knots  and  wave  condi¬ 
tions  equivalent  to  approxiisatsly  ^a  State  4. 


Hr  itiKir  SYSTcH  ikSl££  A«:u  ,\£ALYSIS 


A.  tfJtfKGWmU 

There  is  consi(!er4!i>1e  interest  in  taut-uirc  eoored  surface  buogrs 

on  quasi-stabic  p^atfons  for  radio-navigator  stations,  particularly 

16  2 

for  hydrogr^ic  survey  systoK.  *  Radio-navigation  sys tees,  working 
in  either  the  dual-rar.ge  code  or  the  hyperbolic  side  require  radio  fre¬ 
quency  transponders  at  too  "fixed*  slave  stations  and  a  aester  station 
at  a  toird  location.  This  report  is  concerned  with  the  design  and 
evaluation  of  a  buoy  systen  within  which  to  nount  such  a  radio-navi¬ 
gation  systen  to  serve  as  a  "fixed*  slave  station.  This  section  of 
the  report  will  discuss  the  specification  for  such  a  buoy  systen,  the 
desist  alternatives,  two  specific  buoy  systens,  and  the  coaponents 
which  ari^t  be  used  for  an  operational  systen. 

B.  8U0Y  SYSTEM  SPECIFICaTIO:! 

Various  strategies  for  survey  navigation  systeirs  were  considered 
by  Blood,  et  a1,  in  reference  1.  Based  upon  the  reconnsndation,  by 
tflood,  et  a1,  that  the  Hysurch  System  should  eirploy  a  hyperbolic  navi- 
ation  chain,  error  analyses  were  conducted  to  determine  the  navigation 
.,-^uircmsnts  for  Hysurch.  Tnis  error  analysis,  revealed  that  the  3o- 
buoy  position  errors  over  a  region  of  about  70  x  40  nautical  miles 
should  be  kept  below  52  feet  due  to  all  causes.* 

Both  Blood,  et  al ,  and  the  U.  (1.  H.  group  have  invcscigatcd 
the  inherent  position  accuracy  capabilities  of  radio-navigation  systens. 


7 


Appendix  II  contains  a  pciOliSf;cd  survey  of  electronic  positioning 
systcK.  The  H.I.T.  survey^  and  the  II.  tl.  H.  independent  suncy 
strongly  suggest  that  the  follouiag  navigation  systea  should  be  con¬ 
sidered  further  for  Hysurch  application  (not  ranked): 

a)  Hi-Fix,  by  decca  Survqf  Systecs,  Inc. 

b)  Raydist  UR-S,  by  fiaysings-R^dist,  Inc. 

c)  Sea-Fix,  by  decca  Survey  Systcas,  Inc. 

Manufacture  data  and  an  analysis  by  Bigclou^  generally  suggest 
that  the  above  radio  navigators  can  indicate  position  uith  an  accuracy 
of  25  feet  or  less.  Available  data  docs  not,  however,  evaluate  these 
systecs  under  conditions  sinilar  to  those  which  will  be  encountered  in 
Hysurch  application.  Analysis  was  conducted  of  a  hyperbolic  chain, 
using  the  manufacturer's  pJilishad  accuracies  of  a  standard  deviation 
of  0.01  cean  lanes.  This  review  suggests  that  accuracy  contours  over 
a  70  X  40  nautical  laile  grid  covered  by  a  hyperbolic  lattice  arc  in 
the  worst  case  8  ceter  (26.2  feet).  To  obtain  a  specification  for  a 
buoy  slave  station  which  will  have  this  basic  error  of  8  meters,  let 
us  add  a  0.01  lane  error  for  the  master  station  position.  A  review 
of  Appendix  A6.3  of  reference  1,  indicates  that  a  master  station  po¬ 
sition  error  of  0.01  lane  results  in  approximately  3  meters  (10  feet) 
error  for  the  worst  case.  The  only  remaining  errors,  will  be  buoy 
movements.  Starting  with  an  overall  position  system  error  specifica¬ 
tion  of  52  feet,  of  which  approximately  26  feet  is  basic  error  in  the 
hyperbolic  lattice  and  10  feet  is  provided  for  uncertainties  in  cor¬ 
rected  master  station  position,  one  has  about  16  feet  for  buoy  po'si- 
tion  (watch  circle)  uncertainty.  Since  the  liysurch  system  proposes^ 


buoy  installation  water  depths  of  15  lo  150  feet,  the  buoy  position 
uncertainty  of  waten  circle  specification  should  be  epproxii&atcly  10X 
of  the  deepest  water  depths  proposed.  Using  this  sieplified  analysis  * 
as  a  basis,  the  following  specifications  for  watch  circle  perfornance 
were  set: 

1)  Operating  Depths  -  15  to  150  feet. 

2)  Hatch  Ciixle  -  Approxieate  lOS'of  HaxiBun  Depth 

ki  analysis  by  Quinn  (ref.  6)  Indicates  that  vertical  stability 
of  the  buoy  of  ^  20^  will  provide  the  necessaiy  antenna  gain  for  the 
systeii  to  operate  within  specifications.  This  analysis,  assumed  a 
30  foot  whip  antenna,  which  corroborates  piiilished  date  by  Decca. 
Based  upon  these  analyses,  the  vertical  stability  specification  was 
set  at: 

3)  Vertical  staoility  of  buoy:  *  20  degrees  off  vertical  for 
-  Sea  State  4. 

The  specification  set  by  reference  1  for  ocean  currents  was 
"each  unit  will  operate  reliably  in  the  normal  configuration  in  Sea 
State  3  condition  w  with  currents  of  4  knots  in  100  feet  of  water. 

With  a  supplemental  anchor,  each  unit  must  survive  a  Sea  State  4  con¬ 
dition  for  one  week  or  currents  up  to  7  knots  in  100  feet  of  water". 

Based  on  the  state-of-the-art  for  buoy  systems  and  based  upon  discus¬ 
sions  with  Navoceano  personnel,  the  ocean  current  specification,  during  ' 
normal  operation,  was  set  at  a  maximum  of  two  knots. 

4)  Ocean  Currents:  2  knots  (Max)  coupled  with  Sea  State  *3. 
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NOTICE  TO  USERS 


Portions  of  this  document  have  been  judged  by  the  NTIS  to 
be  of  poor  reproduction  qualify  and  not  fully  legible.  However, 
in  an  effort  to  make  as  much  information  as  possible  available 
to  the  public,  the  NTIS  sells  this  document  with  the  understand' 
ing  that  if  the  user  is  not  satisfied,  the  document  ^ay  be  re- 
turned  for  refund. 

If  you  return  this  document,  please  include  this  notice  to¬ 
gether  with  the  IBM  order  card  (label)  to: 

National  Technical  Information  Service 
U.S.  Department  of  Commerce 
Attn:  952.12 

Springfield,  Virginia  22151 


The  vei-tical  Stability  requirensnts  in  a  State  3  Sea  in  effect 

set  specifications  for  the  sea  wave  conditions  under  which  the  buoy 

1 

system  must  function.  The  Hysurch  specification  of  Sea  State  3  sug- 

8 

gests  an  =  4.6  feet  .  Hoir/eyer,  the  Sea  State  4  requirement  set 
in  specification  No.  3  above  indicates  that. the  system  must  be  able 
to  perform  under  conditions  of  feet.  There  is  often  diffi¬ 

culty  in  setting  a  specification  in  tejTiis  of  sea  states  because  of 
ambiguities  in  objective  interpretation.  Thet'efore,  an  additional  spe¬ 
cification  beyond  the  sea  state  speci fiction  of  item  No.  3  above  is 
included.  This  specification  is  based  upon  data  available  through  the 
U.  S.  Naval  Oceanographic  Office  J  v/hich  shov/s  that  seas  with  5  foot 
average  v/aves  or  less  and  winds  of  17  knots  or  less  are  to  be  expected 
BOX  of  the  tima.  These  figures  are  based  upon  annual  averages  of  com¬ 
bined  data  from  the  Vietnam  and  North  Atlantic  areas.  The  system 
study^  assumed  that  hydrograph  survey  operation  could  be  conducted  5 
out  of  7  days,  or  approximately  1\%  of  the  time,  on  the  average,  which 
is  consistent  with  the  80%  assumed  above.  Hence,  the  wave  and  wind 
specifications  were  set  at: 

5)  Wave  Conditions;  ^  ^  ^ny  direction 

6)  Wind  Conditions:  Vel  ^  17  knots  from  any  direction 

Other  operational  requirements  v/ere  indicated  by  the  U.  S.  Naval  Oceano¬ 
graphic  Office  during  the  design  of  the  study  reported  herein:  ^ 

7)  Anchoring  Topology:  Anchors  must  function  in  a  spectrum 

of  bottom  conditions,  ranging  f.rom 
marine  sediments  to  rock  and  coral. 

8)  System  Weight:  An  operational,  air-deployable  system 

should  weigh  no  more  than  1500  pounds  in 
eluding  anchor  and  all  buoy  sub- 
10 


systeirs.  A  ship  daployi.L’lc  system 


should  not  exceed  2500  pouncli.  The 
buoy  should  be  capable  of  cariying 
200  pounds  of  navigational  elec¬ 
tronics  and  cor5)ohents,  within  tiie 
overall  operational  v/eights  given 
^ove. 

9)  Hethod  and  Duration 

of  Deploynsnt:  An  operational  buoy  system  should 

be  deployable  by  helicopter  or  sur¬ 
face  vessel  in  approximately  fc:o  (2) 
hours.  Once  implanted,  tSie  buoy- 
should  function  for  5  days. 

The  above  specifications  serve  as  a  basis  for  the  University  of 
dew  Hanpsnire  design  study,  reported  herein.  Tnese  specifications  are 
suiTfiiarized  in  Table  I. 
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Ty«iLE  I 


BUOY  SYSTEM  UcSIGiJ  SPECIl'ICATIOrtS* 

«  "  ■  ■  —  - .  .  ■ 

Specification  for  a  navigation  slave  station  buoy 


1. ^  OPtRATIrtG  WATER  DEPTHS . 15-150  feet 

2.  BUOY  WATCH  CIRCLE**  ...  .  10%  of  Maximum  Depth 

3.  VERTICAL  STABILITY  OF  BUOY  .  .  +  20°  off  Vertical 

4.  OCLrtil  CURRENTS  TO  BE  SUSTAIWEO . . .  Up  to  2  knots 

5.  WAVE  C0?.'UITI0WS . ”l/3  ^ 

6.  WIND  COWDITIOHS . . . Vel  ^  17  knots 

7.  AilCHORIHG  TOPOLOGY . From  mud  to  rock 

8.  SYSTEM  HEIGHTS 

Air  Deployable  .  1500  lbs  (total) 

Ship  Deployable .  2500  lbs  (total) 

Navigational  System  Payload .  200  lbs 

9.  HETHOU  OF  UHPLOYHEijT 

Air  Deployable . Highly  Desirable 

Ship  Deployable  .  Acceptable 

10.  DEPLOYMENT  TIMES 

Time  for  Implantation . 2  hrs 

Survey  Duration  for  v/hicli  buoy  is  reg'd . 5  days 


*  The  above  specifications  were  used  as  guides  to  design  a  prototype 
navigational  buoy  system.  An  operational  system  will  have  speci¬ 
fications  which  are  dependant  upon  the  results  of  this  design  and 
evaluation  study.  ,  . 

**  Tne  watch  circle  is  that  circle  within  which  the  buoy  will  most 
probably  be  for  the  wave,  wind,  and  current  specifications. 


C.  critical  VicUnult^  I.i  obOY  A.i;iLYS!S 

/\ssuii'X2  one  nas  a  taui,  -.<ire  naoring  as  sketcned  in  Fig.  IV(a).  The 
taut-wire  can  ue  generally  viewed  as  sha/n  in  Fig.  V.  If  we  confine  o’ur 
analysis  to  coastal  installations,  tne  water  depth  niigiit  be,  say,  200  feet. 
/\s  will  be  seen  later  in  this  analysis,  tiie  taut-wi)*c  tensions  should  be 
in  tiie  range  of  2000  lbs,  in  order  to  obtain  "small"  watch  circle  perfor¬ 
mance.  If  v/e  assume  a  drag  on  the  c^le  (p),  Jue  to  2.5  knot  current,. 
to  oe  2.4  Ib/ft,  then  we  can  determine  tne  catenary  formed  due  to  current 
drag  alone  (that  is,  we'll  neglect  the  v/eight  catenary  effects,  since  the 
cables  vrhicii  might  be  used  in  a  taut-wire  nxroring  have  distributed  weight 
loads  which  are  at  the  most  10%  of  the  distributed  current  drag  effects). 
If: 

Tension  at  end  of  cable  =  T 

Tension  at  mid-point  of  cable  -  T^ 

Length  of  the  cable  =  L 

The  chordal  sag  =  y 

Tne  angular  difference  02  -  O2  = 

and  if  T^  =  2000  lbs,  then  using  standard  catenary  analysis,  we  find 
that: 

T  , 

y  =  ~  (cosh  ^ —  1);  assuming  that 

y  =  yj. 

y  =  3.3  feet 

T  =  T^  cosh  2^  ;  neglecting  tne  effect  of  p 
0  ^ 

1 

3  =  cos"'  —  = 

T  1.00405 

3  =  5° 
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Figure  IV 

blKPL-IFItU  SKtTCU  OF  TAUT-WIRt  SUKFACl;  liOOUtU  liUOY 


Figure  V 

•  SKtTCH  OF  CATtWAKY  WIRt  FOR  duUY  ANALYSIS 
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riicrcfore,  ^2  '  ^1  ~  ^  sisplifiod  cnal7:.is,  cne  can 

see  that  teie  diorJaJ  sag  is  M'nioil,  pi-oviucd  arc  c’caiing  uilh  snallc./ 
waters  (<200’).  Tnerefore,  for  the  critical  variables  analysis  will  as¬ 
sies  tnat  the  cable  is  straight,  that  is,  no  catenary  is  present. 

A  sinplifiec  free  uo(^  analysis  of  a  straight  taut-wirc  coored  buoy, 
(noting  that  the  watch  circle  of  10S  of  oaxiBue  depth  specification  re¬ 
quires  that  e  ^  3°)  reveals  that: 

,  -  total  i)HAG  forces  Cii  BUOY  , 
tan  0  - - 

ACTIVE  BUOY/SICY  OF  BUOY 

tai  3^  =  0.0524,  which  suggests  that  total  dreg  forces  on 
the  buoy  should  be  less  than  55  of  the  active 
buoyancy  of  the  buoy. 

The  critical  aspect  of  tne  buoy  design  problem  then  is  to  keep  the 
total  drag  force  on  the  buoy  small  conparcd  to  iet  buoyancy  cf  buoy. 
Tnerefore,  v/e  seek  a  favorable  drag  to  displacccent  ratio,  which  we 
wiK  call  (a). 

l).  uEbIGl  ALTERiIaTIVES  FOK  nUUY  SYSTEM 

The  scope  of  tiiis  report  is  not  such  that  a  detailed  analysis  can 
he  included.  A  theoretical  analysis  of  a  taut-v/ire  irooring  is  being  pre¬ 
paid  in  companion  report.  A  summary  of  the  analysis  approach  is  given 
below: 

1)  A  variety  of  buoy  shapes  were  analyzed  in  terns  of  drag  to 
displacement  ratio  to  determine  favorable  configurations. 

2)  Favoraole  buoy  shapes  v/hich  are  co:iiniercially  availoole,  or 
wnirh  appeared  to  be  relatively  easy  to  manufacture  were 
analyzed  to  determine  watch  circle  behavior,  pitch  and  heave 
characteristics,  and  other  perfoniiance  variables. 
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3)  T’m  prowisin^  confisuraticris  tferc  aiialy/cd  in  de^a;1. 

As  oil  of  u-.c  drag  to  displacci^nt  ratio  rcviea,  one  finds 

for  ccrrrarcially  availciile  buoys  tne  folloiing  x  values  (tiicsc  are  the* 
■ost  cptiEtisti-c  figures  for  2.5  knot  currents). 


a) 

5‘ 

b^ierical  Buoy 

X  =  .047 

b) 

8* 

Toroidal  Buoy 

X  =  .022 

c) 

6’ 

Parabolic  Buoy 

X  =  .014 

d) 

8‘ 

Parabolic  Buoy 

X  =  .0095 

Since  x  is  a  esasure  of  the  expected  uatch  circle,  a  small  x  is  the  most 
desirable.  The  above  buoys,  aioong  several  others,  were  analyzed  in  de> 
tail  to  obtain  perfonr-xoce  characteristics.  For  exaisple,  torpedo-shaped 
buoys,  such  as  tiie  honcyv/ell  Buoy  and  the  plank-on-edge  were  discarded 
because  their  sea-keeping  charactenstics  in  naves  and  surface  currents 
leaves  lixjch  to  be  desired. 

Based  cn  the  detailed  analysis  of  expected  perfonaance ,  the  8' 
Parabolic  Buoy  was  selected  for  detailed  design  (a  computer  analysis  of 
this  design  will  be  available  in  anotlier  report  to  be  piiilished  in  Hay 
1969). 

A  sinplified  analysis,  used  prior  to  tlie  computer  study,  revealed 

r 

that  an  8'  parabolic  buoy  in  ISO*  of  water,  with  a  2-knot  current  and  21- 
knot  wind  (sea  fully  developed)  will  have  a  watcii  circle  in  the  range  of 
25  feet  to  50  feet,  with  the  most  probable  being  30  feet.  An  fndepen- 
dent  analysis  by  another  organization  suggests  a  watch  circle  of  41  feet. 
The  analysis  do  not  I'eveal  reliable  predictions  of  vertical  stability. 

The  8'  Parauolic  buoy  had  the  "best"  expected  performance,  even 
tnough  the  watch  circle  projections  werc  out-of-specification.  It  was 
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decidid  Uidt  ejqpericsiils  should  be  OiA&aclnd  to  d^teruino  Ih-y  dct’Jdl 
pcrfoiTsince.  Toe  inalysi*;  had  WrC-n  nir^ly  ccnscnratiye  to  for 

tnc  lack  of  detailed  hydrtHl^ncad c  data  on  the  configuration.  Ihcrefore, 
it  uas  felt  that  the  projected  30*  uatdi  circle  ues  a  coriscrvative  es- 
tinte.  Thus,  an  engineering  prototype  evaluation  uas  proposed  and  aC' 
oepted  by  the  U.  b.  tiaval  Oceanographic  Office,  retails  of  Lnat  evalua¬ 
tion  constitute  a  sajor  portion  of  the  revaindEr  of  tiiis  docucent. 

liecause  of  the  uncertainty  in  the  perfofEUtnee  of  the  8*  Parabolic 
Buoy,  a  second  buoy  ^^s  considered.  Tne  Sea-Fly te,  as  this  second  buoy 
oecais*  kno&m,  is  based  upon  the  concept  that  a  hydrodynaaic  lift  in 
proportion  to  the  ocean  current  can  be  generated  by  an  airfoil  section. 

As  the  ocean  curront  increases,  the  lift  increases,  which  is  precisely 
what  is  needed.  To  obtain  the  icooring  wire  tension  needed  to  produce 
snail  watch  ciixles,  a  hydrostatic  buoy  mist  use  displacen^nt  to  obtain 
the“active  buoyancy  forces."  In  the  high  current  env1ron»;3nt,  tiie  neces¬ 
sary  taut-wire  tensions  can  be  augiosnted  by  hydredynaroi c  lift.  This 
concept  was  used  in  a  buoy  designed  and  developed  in  conjunction  v/ith 
Arben  Karine  Products  of  Long  Beach,  California,  and  is  ctescrioed  in 
Appendix  III.  A  pnotograph  of  the  rring  section,  prior  to  final  asseihbly 
is  shovm  in  Figure  VI.  ^ 
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Scale  Prototype  of  Sea-Fly te  hyiJroclynanil c  Buoy  Prior  to  Final  Ass«r4)lt. 


utSIC:  OF  ubOY  ivYSTlH 


Tne  uuoy  sysleu,  snotfii  in  Figure  VII,  consists  of  seven  inajor 
coupoiiciit  sections. 

1)  Surface  duoy 

2)  /Intenna 

3)  Kooring  Bridle 

4)  Coepliant  Taut-Oitie  Mooring 

5)  /biciior 

6)  Sea-Fix  Systes 

7)  Instrunentation  and  Potver  Supplies 

SURFACE  BUOY 

Tlie  analysis  of  possible  surface  buoy  configurations  suggested 
that  a  horizontal  attitude  PaRA-BUOY*  i;ould  co;re  closest  to  nseting 
tile  specifications.  A  standard  eight-foot  (8*)  buoy,  model  8-200 
was  selected.  (Manufacturer's  catalog  information  is  sha-ni  in  Figure 
VIII)  To  accomnodatc  the  radio-navigation  transceiver,  instrumen¬ 
tation,  and  poiver  supplies,  four  (4)  12"  Uia.  x  32"  Deep  instrument 
compartments  were  designed  into  the  buoy  (Tne  orientation  and  loca¬ 
tion  of  these  cu.TOartments  is  shov/n  in  Figure  Vill.)  The  four  com- 
partnents  contained: 

Compartirent  1  -  Sea-Fix  Slave  Station 

Compartment  2-3  Lead-Acid  Batteries  (24VUC  Supply) 

Compartment  3  -  Engineering  Evaluation  Instrumentation  . 

Compartment  4-3  Lead-Acid  Batteries  (24VDC  Supply) 

*A  product  of  Prodelih,  Inc.,  Higntsta^n,  iJcw  Jersey. 


20 


0 


'9 


Fijiurc  VH 

Layout  Dotail.';  of  Parabolic  Sea-Tlx  buoy 
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Tue  buoy  is  constructed  of  alunrinum,  nitn  spun  parabolic  heads.  The 

t. 

-rfelded  buoy  is  pcrtyuretiiene  foam  filled  to  assure  buoyancy.  .  The 
aluniinuni  is' treated  for  corrosion  resistance  and  painted  with  epo>y  * 
paint. 


AHTEHNA 


The  Hysurch  System  requires  rapidly  deployable  slave  buoys.  A 
30'  rigid  antenna  presents  some  obvious  handling  difficulties.  Based 
upon  considerable  study,  it  is  recoiisiiendad  that  an  operational  buoy  be 
designed  with  a  STEii*  Antenna.  Stem  antennas  are  collapsible  antennas 

I 

which  can  be  stored  on  a  drum,  much  like  a  clock  spring.  Upon  un¬ 
reeling  the  spring,  the  strip  of  spring-metal  overlaps  itself  forming 
a  high  strength  tubular  antenna  (Detailed  information  on  Stem  Antennas 
is  provided  in  Appendix  IV). 

Tne  major  objective  of  the  study  reported  herein,  was  to  deter¬ 
mine  the  feasibility  of  using  a  buoy  as  a  navigation  slave  station,  and 
since  the  stem  antennas  are  relatively  costly,  it  was  decided  that  a 
solid  whip  antenna  of  conventional  design  would  be  used  for  these  en¬ 
gineering  studies.  The  stem  antennas  are  recoirmended  for  an  opera¬ 
tional  system;  however,  additional  analysis  and  experiment  on  stens 
should  be  undertaken  prior  to  the  final  design  of  a  buoy.  The  dynamic 
response  of  a  stem  antenna,  of  the  lengths  con tempted  for  the  Hysurch 
buoys,  remains  an  unanswered  question,  in  our  opinion.  (Appendix  IV 
does  include  the  results  of  some  sea  tests  on  stem  antennas  for-the 

'J 

Gemini  spacecraft  in  ■  State  4  Seas.) 


antenna  product  of  Spar  /‘.erospace  Products  Limited,  loronto, 
d.ttario  (A  division  of  de  liavilland  Aircraft  of  Canada). 
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For  this  study,  a  CoUiiibia*  f-iodel  222  v/as  modified  to  produce  a 
30  foot  (effective  r.f.  length)  antenna.  This  fiberglass  antenna  was 
mounted  on  a  five-foot  (5*)  alunrinuin  stand-off,  which  placed  the  top 
of  the  antenna”  approximately  36*  above  the  ocean  surface.  The  upper 

.-I 

11*'  of  tJie  antenna  was  not  given  additional  support;  hov/ever,  consi¬ 
derable  effort  v/as  made  to  stabilize  the  Itn/er  parts  of  the  antenna. 
Four  dianond  spreaders  (See  Figure  VII)  v/ere. placed  in  quadrature  be- 
tv/ecn  the  antenna  base  and  a  point  18*  above  the  base  which  is  above 
a  known  node  on  the  antenna.  These  spreaders  tended  to  stabilize  the 
antenna  from  natural  frequency  oscillations.  The  antenna  was  bolted 
to  the  five-foot  stand-off,  which  in  turn  was' bolted  to  the  surface 
buoy  mounting  flange. 

The  mid-point  of  the  diairond  spreader  stabilizers  (9*  from  an¬ 
tenna  base)  was  supported  by  three  guy  wires  to  the  surface  buoy  (Guy 
wires  v/cre,  in  general,  3/32”  stainless  stranded  v/i re,  terminated  with 
r.f.  insulatore  and  "nicopress"  fittings).  In  addition,  the  five-foot 
antenna  stand-off  was  supported  by  3  -  3/16"  guy  wires  to  the  surface 
buoy.  - 

The  antenna  stand-off  also  supported  the  oceanographic  buoy 
warning  light,  the  radar  reflector,  and  the  Sea-Fix  antenna  loading 
coi  1 . 

MOORING  BRIDLE 

■  The  buoy  was  designed  to  operate  with  a  tripod  mooring  bridle, 

approximately  8'2"  in  height.  The  bridle  (See  Figures  VIII  &  X)  is 

• 

essential  to  the  operation  of  the  buoy,  since  it  provides  the  nccos- 
*  Manufactured  oy  Coluiibia  Products,  Inc.,  Colimbia,  South  Carolina. 


Figure  X  ' 

Parabolic  Sea-Fix  Buoy  Mooring  Bridle 
26  ■  • 
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saiy  ri^-iting  in£»:£2Hts  for  the  specified  xt-rtical  stability.  The  1  5/16" 
galvanized  tripod  legs  are  bolted  to  tnc  surface  bucy  at  one  end  and  to 
an  apex  yoke  at  the  other.  The  yok^  provides  the  csoring  paint  as  well* 
as  a  mounting  point  for  the  dynamic  stabilizing  w'eights  (shown  in  Figure 
VII  as  "Para-Height").  These  weights  have  the  effect  of  substantially 
increasing  the  pitdi/roll  isonent  of  inertia,  which  is  required. for  dy- 

•  ,  s 

namic  stability. 


MOOKIrfG 


The  taut-v;ire  mooring  v/as  one  of  the  critical  components  in  the 
design.  Because  of  the  wide  range  of  e;q)ected  water  depths  and  tidal 
conditions,  the  naoriisg  nsist  be  capable  of  acconsodating  lengtii  dianges. 

The  study  of  nnorings  was  focused  on  uethods  of  overcoming  tidal  varia- 

✓ 

tions  while  still  maintaining  irooring  tension  and  essentially  a  constant 
buoy  water-line.  As  a  part  of  a  research  program  associated  vfith  the 
$ea-Spider  effort  of  the  Office  of  naval  Research,  the  U.  H.  H.  design 
group  had  been  studying  techniques  to  develop  quasi- constant  tension 
taut-vnre  nioorings.  The  first  major  application  of  the  quasi -constant 
tension  taut-wire  mooring  was  developed  for  See-Spider  I.  'The  basic 
principle  in  these  moorings  is  to  use  a  spring-like  material  v/ith  high 
conpliance  compared  to  the  deflections  anticipated  in  a  design.  Tin's 
fact  can  be  easily  seen  from  the  basic  linearized  relationship  for  a 


s  p  ri  n  g- 1  i  ke  mate  rial: 

Force  (F) 


displacement  (x) 
compliance  (1_) 
k 


Therefore: 


df  ^  ^ 
F  ~  X 
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midi  indicates  that,  the  S  disngc  in  displacccsnt  results  in  an  equal 
change  in  force,  'iherefore,  the  length  of  the  spring-like  catcrial 
under  load  nist  be  large  coiqparcd  to  tidal  vanaiions  (say  1G  feet), 

r  • 

or  the^aatcrial  aust  be  highly  cocpliant  (note  a  constant  force 
spring  is  infinitely  cosfiliant). 

There  are  nunerous  ways  of  obtaining  this  cocpiiancc.  In  an 
operational  buoy  system,  one  can  is^gine  a  constant  tension  uiiidi  on 
the  nooring  cable,  which  would  serve  both  for  storing  of  the  mooring 
cables  as  well  as  providing  the  constant  tension. 

For  the  prototype  evaluation,  a  relatively  sicple  approach  was 
•used.  Tne  isooring  used  four  (4)  one-inch(l’‘)  diaireter  solid  ilATSYM 
nd)ber  rods,  configured  as  shewn  in  Figures  XI  £  XII.  For  the  load 
levels  used,  (approxiisately  2000  lbs.)  this  rubber  produces  approx¬ 


imately  2.0  lb.  par  percent  elongation  per  rubber  rod,  which  for 
•this  fiiooring  resulted  in  a  force  change  of  50  Ib/ft  of  water  depth 
change.  For  exainple,  a  10-foot  tide  .would  diange  the  nsoring  tension 
by  500  lbs.  Tnis  tidal  effect  results  in  the  buoy. water-line  change  of 
2  inches,  which  is  negligible.  . 

The  rubber  links  were  secured  to  the  anchor  with  self-aligning 
mounting  yokes  and  shackles.  A  standard  underwater  swivel  was  used 
to  elinnnate  toi’sional  rotation  probleirs.  All  shackles  v/ere  of  the 
seizable  type. 


AHCHOIUilG 


‘4 


An  operational  slave-buoy  system,  which  has  a  total  weight  of 
1500  to  2500  lbs.,  presents  a  difficult  anchoring  problem.  It  is 
from  the  figures  below  that  the  buoy  systerr.  cxclusi v-e  of  an 
anchor  can  be  built  within  these  specifications: 
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Antenna  Section 


>  140  1b. 


f 

i. 


C 


L. 


Buoy  (uith  Sea-Fix, 

Instr. ,.and  3.4  Kti-hrs. 

of  24Vi)C  Poacr)  -  720  1b. 


Bridle  and  ftooring  Cables-  300  1b. 

1160  1b. 


Houever,  it  is  also  clear  that  a  dea(brei^it"andior  can  not  exceed 
a  feu  hundred  pounds.  Since  mooring  tensions  must  be  approximately 
2000  1b.,  some  other  anchor  technique  for  an  operational  system  must 
be  found. 

For  obvious  reasons,  enbed'rsn't  anchors  v/ere  studied.  This  study 

t 

revealed  that  the  "Seastable",  (feveloped  by  the  National  Haterlift 
Con^any  holds  the  greatest  prornise  for  the  Hysurch  application.  These 
anchors  have  been  evaluated  extensively  by  the  Naval  Civil  Engineering 
Laboratory,  v/ho  can  supply  detailed  reports.  Appendix  V  contains  a 
sunmary  of  data  on  these  anclioi'S,  and  a  list  of  anchor  applications. 

To  evaluate  the  buoy  pei'formance  characteristics,  a  light-v/eight 
anchor  is  not  necessary;  hence,  the  anchor's  used  in  this  study  were 
similar  to  the  Sea-Spider  anchor  design,  reported  in  Reference  8, 


SEA- FIX 


A  study  conducted  jointly  by  NAVOCEANO,  M. I.T. ,  and  U.N.M.  per- 

^  *  • 
sonirel,  revealed  that  the  Sea-Fix  t'adio-navigation  system  v/as  the  most  - 

‘  promising  candidate  for  Hysurch  applications.  The  details  of  that 
study  are  beyond  the  scope  of  this  r'epor't.  However,  the  key  factor's 
in  the  decision  to  use. a  Sea-Fix  system  wet'c  slave  station  size  and 
and  the  avor'age  pev/er  reg uir'ements.  A  description  of  the 
a  proposed  diesel-gener'ator  power  supply,  and  general 
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operating  diaracteri sties  are  given,  in  Appendix  VI  (The  buoy  described 

in  that  appendix  is  not  recoaqsndcd  by  the  authors,  but  it  is  included  * 

in  the  appendix  since  the  material  v/as  prepared  by  the  Sea-Fix  manu- 

facturer.)  .  . 

* 

“  IHSTRUi-EKTS  tm  POHER  SUPPLY 

The  engineering  evaluation  instrumentation  is  described  in  the 
next  section.  The  potr/er  supply  v;as  a  set  of  6  standard  12VDC  marine  lead 
acid  batteries.  These  batteries  v/ere  fully  charged,  degassed,  and  seal¬ 
ed  prior  to  installation.  .  . 
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!II.  EXPERL^fiTAL  PROGRAM 
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An  experii^ntal  program  v/as  undertaken  to  investigate  the  perfor¬ 
mance  of  a  prototype  system  consisting  of  a  radio  navigation  slave  sta¬ 
tion  mounted  on  a  taut-v/ire  moored  surface  buoy.  The  use  of  a  quasi¬ 
stable  buoy  as  the  platfonn  for  the  reference  station  of  a  navigation 
system  poses  problems  not  encountemd  v/ith  land  installations.  First, 
the  buoy  location  is  not  fixed;  there  .is  a  region  of  probable  location, 
determined  by  the  buoy  dynamics  and  the  local  v/eather.  Second,  the 
buoy  does  not  retain  a  vertical  orientation,  hence  the  transmitting/ 
receiving  whip  antenna  is  not  always  vertical ,  v/hich  can  create  a  re¬ 
duction  in  transmitted  pov/er  and  which  can  significantly  alter  the 
antenna  radiation  pattern.  Third,  experience  has  shavn  that  antenna- 
to-ground  plane  interaction  is  critical  at  the  frequencies  comnonly 
used  for  this  application.  The  warped  ocean  surface  makes  it  difficult 
to  “tunc''  the  antenna  to  the  radio  transmitter  for  maximum  radiated 
poiver. 


The  program  consisted  of  tv/o  series  of  tests:  one  with  the  system 
exposed  to  high  currents,  but  relatively  light  wind  end  wave  disturbance 
and  the  second  with  moderate  to  heavy  wind  and  wave  conditions,  but 
relatively  lov/  currents.  Division  of  the  tests  was  dictated  in  part 
by  physical  characteristics  of  conveniently  located  water  test  areas 
and  in  part  by  the  desire  to  identify  the  separate  effects  of  wind-wave 
and  current  inputs  to  the  buoy  system. 

Three  primary  methods  of  data  collection  were  eitiploye'd.  Two  Wild 
T-2  theodolites  operated  from  shore-based  observation  stations  were  used 
for  direct  monitoring  (see  Figure  XIII).  Two  Giannini  Scientific  data 
cameras,  mounted  near  the  theodolite  stations,  provided  data  for  higher 
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frequency  i;x)tions  of  the  buoy.  On-board  ins truj'ientati on  v/as  installed 

'I  * 

to  d>tain  records  of  the  buoy  dynacn'c  behavior,  \ 

i 

Cbncurrent  with  the  buoy  dynamic  testing,  a  program  v/as  .conducted 
by  personnel  of  the  Expennsntal  Astrononi/  Laboratory  at  the  Massadiusctts 
Institute  of  Tcdinology  to  obtain  operating  performance  data  for  the  Decca 
Sea  Fix  radio  navigation  system.  During  test  periods-,  transmission  was 
maintained  between  the  buoy  slave  station  and  the  master  station  at  Race 
Point  Coast  Guard  Station  near  Provincetown  (see  Figure  XIV),  Cape  'Cod, 
Massachusetts,  and  the  nubile  slave  station  installed  in  a  station  wagon 

(ohqi/n  in  kef.  6)  and' operated  over  the  northern  shore 'of  Cape  .Cqd  from 
Provinceto./n  to  Cape  Ann. 

A.  On-Board  Instrunsntation 

The  following  instruments  were  installed  in  the  test  buoy  (see 
Figure  XV):  a  two-axis  vertical  gyroscope  to  monitor  quadrature  tilt 
components  (pitch  and  roll),  an  accoleronjater  to  iranilor  vertical  accel¬ 
eration,  and  a  strain  gage  tensiometer  to  nonitor  riiooring  cable  tension. 

A  Sun5riej"s  modal  K7  vertical  gyroscope  was  secured  to  a  platform  on 
the  instrument  package  which  v/as  installed  in  one  of  the  buoy  conpart- 
ments.  The  gj^roscope  was  aligned  with  the  buoy  vertical  axis  so  that 
departure  from  vertical  could  be  determined  by  the  readout  of  the  tv/o  . 
quadrature  pick-off  signals.’  Bias  voltages  allov/ed  the  net  output  sig¬ 
nals  to  indicate  mid-scale  deflection  on  a  two  channel  Rustrak  recorder 
for  zero  angle  of  tilt  in  both  axes.  Gi'roscopc  circuit  connections  and 
calibration  curves  are  sha/n  in  Figure  XVI. 
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Figure  XIV 
flap  of  Test  Area 
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A  Kistler  notisl-  350A  servo  accelerometer  was  used  for  vertical 
acceleration  nsasurciisnts.  This  taiit  has  a  maxi mum  range  of  +  50  g  but 
circuits  v/cre  provided  to  adjust  the  operating  range  to  +  2  g  which  was 
judged  to  be  reasonable  for  predicted  accelerations  due  to  heaving  of 
the  buoy.  This  value  v/as  based  on  estinetes  of  wa\«  airplitudes  I 
periods  for  sea  states  to  be  encountered  during  the  tests.  The  accel- 
eroneter  was  centrally  located  in  the  mast  of  the  buoy  which  was  sealed 
to  prevent  water  danage  to  the  unit.  Accelerometer  output  v/as  fed  to 
one  channel  of  a  second  Rustrak  on-board  recorder  which  indicated  a 
nearly  linear  +  10  division  full  scale  deflection  for  *  2  g  output. 

Mooring  cable  tension  v/as  monitored  on  the  second  channel  of  the 
second  Rustrak  recorder  by  means  of  a  conpensated  SR4  strai’V  gage 
bridge.  The  gage  elements  v/ere  nsounted  on  a  special  link  in  the  moor- 
line  and  v/ere  taped  and  sealed  for  protection  and  v/aterproofing. 

Figure  XVH  sha-zs  the  Tensioireter  Bridge  circuit  end  mounting. 
Figure  X'/IIT  is  a  schematic  diagram  of  the  accelerometer  and  tensiometer 
circuitry,  including  battery  pov/er  sources  and  isolation  operational 
airoli  fid's. 

Two  v/aterproof  switches  v/ere  provided  cxtoj-nel  to  the  instrument  . 
conpartnsnt  to  control  pov/er  to  the  Sea  Fix  transmitter  and  to  the  in-- 
strument  package.  Since  the  buoy  coiipartni-ent  covers  v/ere  fastened  v/ith;^ 
24  bolts,  opening  a  compartment  v/as  a  major  task.  The  external  switches 
enabled  an  operator  to  merely  reach  over  to  the  buoy  from  a  siimll  boat 
and  control  pov/er  to  the  radio  transmitter  or  to  the  instruments  and 
recorders.  A  small  panel  meter  to  check  the  charge  condition  of  the 
Sea  Fix  storage  battery  supply  was  also  installed  in  the  iiistruir-ent 
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Strain  Ciage  liounting 


conpartijent  and  visible  tl’.rougli  the  plexiglass  cover.  It  v/as  antici¬ 
pated  that  these  batteries  would  have  to  be  recharged  periodically  to  .  ^ 
maintain  the  required  minimum  voltage  for  proper  operation  of  the  radio 
navigation  equipment. 


B.  Tidal  Current  Tests  -  Little  Bay  Test  Site 

The  primary  objective  of  this  test  series  v/as  to  evaluate  the 
dynamics  of  the  taut-v/ire  moored  buoy  in  a  high  tidal  current  environ¬ 
ment.  The  Bay  iiiplantation  point  indicated  in  Figure  XIX»  was  selected 
to  provide  up  to  2  knots  of  current  and  offered  convenient  shore  obser¬ 
vation  points.  Water  depth  was  approximately  52  feet,  tidal  variation 
6-8  feet  during  the  period  of  test,  and  current  generally  in  a  north- 
south  direction. 

Preparation  for  the  buoy  tost  consisted  of  first  placing  the 
railroad  v/heel  anchor  and  attaching  a  temporary  cable  and  tag  buoy. 

The  Para-Buoy  and  taut-wire  moor  as  shown  in  Figure  XI  was  then  in¬ 
stalled.  Block  and  tackle  loading  from  the  surface  was  employed  to  . 
extend  the  elastic  links  sufficiently  to  allow  the  upper  basket  sup¬ 
port  to  be  made  fast  to  the  base  of  the. tripod  structure  with  a  short 
by-pass  cable.  Baselines  were  established  for  the  two  shore  stations 
and  theodolites  and  cameras  installed. 

Tests .were  conducted  on  26  and  27  August,  during  which  a  total 
of  13  hours  and  25  minutes  of  data  were  collected.  Current  and  wind 
velocity  and  direction  measurements  in  the  vicinity  of  the  buoy  were 
made  to  provide  correlating  data  and  a  small  amount  of  on-board  instru- 
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minute  intervals  ari^  ivere  synchronized  betiveen  the  two  shore  stations 
by  two-v/ay  radio.  Sons  photographic  data  i/as  obtained  but  difficulties 
were  encountered  with  bore-sighting  the  cancras  to  obtain  proper  framing. 
Contact  v/ith  the  Sea  Fix  Master  station  {approximately  75  miles  av/ay)  was 
made  successfully  after  proper  tuning  of  the  slave  transmitter,  but  a 
frequency  shift  v/as  recomnsnded  before  the  more  extensive  tests  were 
conducted  at  the  Isles  of  Shoals. 


C.  Wind  and  Wave  Tests  -  Isles  of  Shoals  Test  Site 
Open  water  tests  of  tl’.e  buoy  system  v/e re  conducted  in  the  vicinity 
of  Star  and  White  Islands,  Isles  of  Shoals,  New  Hampshire,  ‘during  5  to 
12  September,  during  v/hich  a  total  of  14  hours  and  30  minutes  of  data 
were  collected.  V/ater  depth  was  approximately  140  feet  with  tidal  range 
of  8-10  feet.  The  mooring  point,  shown  in  Figure  XX,  v/as  selected  to 
provide  realistic  exposure  to  wind  and  wave  forces  which  prevail  in  the 
southeast  to  northeast  sector.  The  buoy  instrumsiits,  batteries,  and 
radio  equipment  were  reinstalled  after  transfer  from  Little  Bay  to  the 
Isles  location.  Assistance  in  p.lacing  the  mooring  anchor  was  obtained 
from  the  United  States  Coast  Guard  and  buoy  and  cable  attachment  follow¬ 
ed  the  general  procedure  of  the  Bay  installation.  The  mooring  system  is 
shov/n  in  Figure  XII.  •  ' 

Observation  stations  were  set  up  on  Star  and  White  Islands.  Data 
runs  consisted  of  theodolite  readings  at  5  minute  intervals  plus  hourly 
instrumentation  recordings  and  observations  of  current,  wind  and  general 
sea  conditions.  Radio  contact  between  the  base  stations  and  v/itl\  the 


small  boat  operating  crew  v.t.s  maintained  using  VtiF-FM  transceivers. 
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Communication  v.'ith^the  MASTtR  and  I-jOBILE  Sea  Fix  teans  to  coordinate 
radio  navigation  tests  v/as  provided  by  an  KF-FK  radio  system. 

.  J 

•  ^  ,  i 

1).  Test  Results  I 

•'  I 

Test  conditions  in  Little  Bay  v/ere  relatively  calm,  v/ith  no  storms 
affecting  the’ buoy.  Wave  effects  were  slight,  and  the  buoy  was  not  sub¬ 
jected  to  much  short  duration  movensnt.'  The  tests  v/ere  conducted  over 
approximately  a  half  cycle  of  tidal  current  variation,  consequently, 
the  buoy  v/as  always  subjected  to  uni -directional  current  during  any  one 
test  period.  This  tended  to  give  the  buoy  a  small  constant  vertical 
inclination. 

Test  conditions  at  the  Isles  of  Shoals  were  more  varied  than  in  the 
Bay.  The  buoy  was  subjected  to  v/ave,  current,  tide,  and  v/ind  effects. 

An  approaching  storm  produced  sea  states  close  to  State  4  on  10  Septcin- 
■ber  and  a  full  gale  caused  tests  to  be  suspended  on  11  Se/iember  (see 
Figure  XXI).  Final  tests  on  12  September  v/ere  not  valid  since  three 
of  the  four  elastic  links  v/ere  discovered  to  have  failed  sometime 


during'the  storm  and  the  buoy  was  suspended  by  a  single  link. 
Test  data  characteristics'  are  suimriarized  as  follows: 


Theodol i te  Visual  observation  and  manual  recording. 

High  quality  data.  Five  minute  record¬ 
ing  intervals.  Data  reveals  buoy  watch 
circle  performance.  Estimated  values  of 
maximum  antenna  tilt  obtained. 

Data  Cameras  Check  on  theodolite  data  to  support  val- 
”  idity  of  taking  observations  at  five  min¬ 
ute  intervals.  Antenna  tilt  angles  are 
readable.  Little  Bay  data  fair  to  good. 
Shoals  data  poor  due  to  focus  and  bore 
sighting  difficulties. 


G^vroscoi’^ 


Tilt  angle  and  period  obtained.  Two 
channels  of  data  recorded  for  part  of 
test  period.  One  channel  became  intcr- 
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rm  of  n  Septerrber 


■  I  j  mittcnt  but  the  second  channel  provided’ 

j  useful  data  for  the  Shoals  tests  because 

'  '  '  ,  '  of, the  random  yav/ing  of  the  buoy. 

■  •  '  t  '  ' 

■  '  Accelerometer  'Periods  and  maximum  values  of  acceleration 

•  robtainad.  Range  of  acceleration  was  only 

.10-2055  of  anticipated  value. 

'  ■  Tensiometer  -Cable  tension  data  obtained  for  short  per¬ 

iod  of  tests.-  Failure  in  tens ioina ter  cir- 
■  ,  '  cuitiy  resulted  in  intermittent  operation. 

Theodolite  data,  recorded  and  processed  by  personnel  from  the  U.  5. 

■  I 

Naval  Oceanographic  Office  using  the  Universal  Transverse  Marcator  Grid 

•  s’ 

Codrdinate  sys,tem^^,  was 'converted  to  coniputer  plots  showing  the  buoy 
excursions  for  each  data  run.  Reduced  data  for  all  tests  is  included 
as  Appendix. VII.  The  computer' plots  are  shown  in  Figures  XXII  and  XXIII 
for  the  Bay  tests  and  in  Figures  XXIV  through  XXIX  for  the  Shoals  tests. 
The  most  probable  location  of  the  buoy  for  no  wind,  wave  or  current 

i 

f  —  ^ 

disturbajice  at  each  site,  X,Y  ,  was  computed  by  averaging  all  coordinate 
data  »;ecorded  for  the  site  and  is' indicated  on  each  plot  to  provide  a 

t  ,  ' 

referonce  for  buoy,  motions.  Altliough  this  point  is  not  precise,  it  does 

I  •'  !  f 

f  ,  , 

represent  a  best  estimate,  for  the  true  location  of  the  mooring  anchor 

t  ^  „ 

and  the  undisturbed  buoy  directly  above  it.  Current  and  wind  vectors  for 
-one  of  the  observed  data  points  are  also  shown. 

'  t  • 

(  '  -  • 

A  tabulation  of  Apparent  Buoy  Motion  for  each  test  day  at  Little 
Bay  and  at 'the  Isles  of  Shoals  appears  in’  Figure  XXX.  These  data  may 
be  interpreted  as  the  maximum  e.xcuroions  of 'the  buoy  as  sighted  from 
the  .theodolite  shore  stations.  Excluding  the  12  September  tost  which 
is.  invalid  due  to  the  loss  of  three  elastic  links  in  the  storm  of  11 
September,  and  defining  tlie  largest  apparent  total  excursion  as  the 
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Plin'utss  ! 


ISLE  OF  SHOALS  K.  IL  ;  1968 
APPAUENT  IIUOY  MOTION 


DATE 

TIME 

STATION 
STAR  . 

STATION 

WHITE 

WIND 

FORCE 

WIND 

DIRECTIOIC 

SEA  STATE 

5  Sep 

l/i55-162.5 

1.68  ft. 

1.43  ft. 

5  to  6 

SE  by  S 

State  2 

6  Sep 

1500-1550 

8,06  ft. 

2.77  ft. 

9  to  11 

SSE 

State  3 

8  Sep 

1520-1840 

6.32  ft. 

2.98  ft. 

1  to  7 

Variable 

K  to  SSE 

State  2 

9  Sep 

1400-1705 

2.99  ft. 

5.62  ft. 

.*  •  • 

;  8  to  10 

!•: 

State  3 

- 

10  Sep 

1420-1635 

4.67  ft. 

2.68  ft. 

up  to  IS 

State  3-4 

■12  Sep 

1120-1245 

12.74  ft. 

8.91  ft. 

25  to  30 

W.SW  • 

4,  Swell 
State  4 

t: 

1415-1700 

21.81  ft. 

16.89  ft. 

25  to  30 

wsw 

4,  Swell 
State  4 

*Ohly  one  of  four  I'ubbnr  cables  intact  follow.; no  ronyh  seas  and  stx'ong 
v.’inds  of  11  Sept. 


LITTLE  HAY,  N.H.,  1968 

■  appaki-:nt  luoy  motion 

TIDES;  1000  LOW;  1600  HIGH  ON  27  Aug. 


DATE 

TIME 

FO-X  PT.  STATION 

SOUTH  CAMi'RA 

.  CURI 
SPEED 

lENT 

DIRECTION 

26  Aug 

0945-1645 

6.1  feet 

5.8  feet 

Up  to  1.8In 

Generally 

Morlh-Sout!) 

?  7  Auo; 

1 

1030-1655 

7.7  feet 

6,4  feel* 

1400-1 . 7K 
1500-1 .CX 
L>  lo  1.8.-. 

Generally 

Norfl'.-SouLii 

1 

i 

1  /nV; 

M.'X 

: ,  i  i :  i  le  IJey  in 

u'  I.  oC 

Siieai  !> 

^^eproducibU 


NOT  REPRODUCIBLE 


resultant  of  two  quadratui'e  excui'sions  listed  in  the  above  tables, 

the  data  for  27  August  yields^  (7.7)^  +  (6.4)^  =  10.0  feet  (3.05  ireters) 

for  the  Bay  tests.  Similarly,  for  the  Shoals  tests  on  6  Septenber, 

V  (8.06)^  +  (2.77)^  =  8.5  feet  (2.59  meters). 

When  watch  circle  performance  about  the  computed  average  buoy  posi¬ 
tion  is  considered,  a  circle  scribed  about  the  X,  T  point  and  including 
all  buoy  locations  has  its  largest  radius  of  1.83  meters  (6.00  feet)  for 

the  Bay  data  of  27  August  (Figure  XXIII)  and- a  radius  of  2.05  meters 

« 

(6.72  feet)  for  the  Shoals  'data  of  6  September  (Figure  XXV). 

To  provide  a  measure  of  distribution  of  tne  five  minute  interval 
sightings  of  the  buoy  position,  maxima,  njedian,  mean,  and  standard  de¬ 
viation  values  for  the  Bay  and  Shoals  data  v/ere  computed  end  are  pre¬ 
sented  in  Figure  XXXI. 

The  fifteen- foot  diameter  watch  circle- specification  v/as  met  by  a 

maximum  resultant  motion, V  (6.96)^  +  (6.98)^  =  9.90  feet  (3.02  metci's) 

for  the  Bay  tests.  This  specification  v/as  approximately  mst  for  the 

150-foot  depth  of  the  Shoals  tests  by  a  maximum  resultant  motion, 

(13.97)^  -!-  (8.59)^  =  16.4  feet  (5.00  maters).  Included  in  Figure 

XXXI  is  a  sumniary  of  samplings  of  camera,  g\'ro,  and  accelerometer  data. 

*  • 
Analysis  of  the  photographic  record  of  the  27  August  Bay  test  .indicated  ' 

'a  maximum  buoy  motion  of  6.89- feet  and  a  maximum  antenna  tilt  equal  to 
6.5°  with  ^.757°  iTOan  and  0.685  SP/Kean.  Gyro  data  from  the  Shoals  tests 
of  6  and  8  September  yielded  a  maximum  antenna  tilt  of  8.0°  and  a  maxi- 
m.;,  ;•  acceleration  of  3/16  g  (6.05  ft. /sec.  )  -for  tiie  buoy. 

AS  noted  previ()i!.-ly,  cine  data  -i-as  cc-llcei.-.-d  to  es-.;-.M is'i  t.-ic:  val¬ 
idity  of  tiio  sampling  rate  of  the  theodolite  observations  as  well  as  to 
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Figure  XXXI  Buoy  Motion,  .Tabulation  of  Measured' and  Computed  Values 


t 


provide' it  crude  back-up  for  the  on-board  instrunent  data  systoin.  The  - 
effects  vdiicir  cause  surface  nations  include  waves,  tides,  currents,  and 

»  I 

wind..  Tidal  .effects  are  of  loiv,  frequency  variation  .and  are  taken  to  be 
* 

faithfully  reproduced  by  the  five-minute  sajrpling  period  chosen  for  theo- 

t  ,  •  —  — 

doli|:e  observations.  Current,  variations  in  the  test  areas  were  observed 

I 

to  have  gross  periods  corresponding  to  tidal  periods  and  minor  periods 
of  one-half  hour  to  sever^al  hours.  Again,  their  effects  on  buoy  notion 
should  be  anply  included  in  the  theodolite  data.  Wind  and  waves  may  be 

I'  '  > 

class.ed  fn  the  field  of  relatively  short  period  disti-ubances,  viith  per¬ 
iods  approaching  several  biinutes.  Theodolite  observations  v/ere  conSi- 

I 

dered  to  also  be«  appropriately  spaced  to  include  these  distui'bances  in 

i  j  '  ^ 

so  far  as  watch  circle  performance  v/as  concerned  for  the  fcllov/ing  rea- 

*  ‘  I 

sons.'  Fii’st,  the  period  of  the  forces  appioaches  that  of  the  theodolite 

s  - 

readings,  and  second,  the  short  term  forces  acting  on  the  buoy  system  con¬ 
tribute  fnore  to  such  responses  as  heave,  yaw,  and  tilt  (pitch  and  roll) 

•  i  •  »  *  <  ' 

•  I  ’ 

than  to- watch  circle  motions.  Support  for  the  choice  of  theodolite  • 

sampling  r'ate  was  provided  bjJ'  detailed  inspection  of  the  photographic 
.  /  * 

record  for  27  August.  Cine  samples  at  one-half  minute  intervals  showed 
'only  smooth  horizontal  buoy  motions  betv/eon  theodolite  observations 
and  ho, wide, excursions  that  might  have  escaped  theodolite  observatiosn 

f  i  « 

Photographic  data  for.  26  and  27  August  also  indicated  that  the  antenna 

II 

tilt  remained  within -6. 5°,  ' 

'  • 

*  ( 

One  gyro  axis  data  unit  failed  shortly  after  the  Shoals  tests  com¬ 
menced.  However,  it  v/as, judged  appropriate  to  consider  that  a  single 
axis'  i/ould  pfovide  i nforuU'V.i on  about  pericc!:.  and  maxim'im  values  of  the 
antenna  tilt  response  due  to  the  random  yev/i no  of  the  buoy,  altlicugli  the 


intention  was  to  obtain  a  resultant  n»tion  from  a  ttio-axis  record. 

Tcnsiocster  data  proved  to  be  of  limited  value  due  to  a  failure  of  tlie 

$ 

f 

transducer  resulting  from  water  seepage  through  the  encapsulation  mater¬ 
ial. 

Tensioicatcr  calibration  curves  arc  shown  in  Figure  XXXII.  Saaple 
gyroscope  pitch  and  roll  recordings  appear  in  Figure  XXXIII  and  sample 
accelcron2ter  and  tensionst'er  recordings  appear  in  Figure  XXXIV. 
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Figure  XXXI 1 1'  Sample  Gyroscope 

Pitch  and  Roll  Recordings 


e 


IV. 


COrlCLUSIOKS 


The  full  scale  prototype  buoy  studies  were  conducted  in  tv/o  lo¬ 
cations  and  produced  the  follav’ing  results: 

Current  Tests  (Little  Bay  Tests)  These  tests  were  conducted 
in  tidal  currents  of  up  to  1.8  knots  v/ith  a  tidal  variation  of 
6.5  feet  in  approximately  52  feet  of  water  (nean  water  depth) 
and  kfinds  up  to  18  knots.  Under  these  conditions,  the  3a  -  buoy 
position  error  v/as  *  5.6  feet  (calculation  based  on  all  data 
recorded  at  this  site  -  note  that  for  normally  distributed  data, 

**  *4* 

99.7%  of  all  data  falls  v/ithin  r  3cj  )  about  the  mean  position, 
or  a  33  -  buoy  position  v/atch  circle  of  11.2  feet.  All  recorded 
data  fell  witiiin  a  v/atch  circle  of  9.9  feet.  Antenna  vertical 
inclination  v;as  a  jnaxiinum  of  6.5®. 

Open  Sea  Tests  (Isles  of  Shoals  Tests)  These  tests  v/ere  con-  ' 
ducted  in  the  open  ocean  v/ith  sea  conditions  up  to  about  state 
3-4  seas,  v/ith  measured  winds  up  to  18  knots,  surface  currents  . 
up  to  0,8  knots,  and  tidal  variations  of  8.5  feet  v/ith  a  water 
depth  of  140  feet  (mean  la/  water).  Under  these  conditions,  the 
33  -  buoy  position  error  v/as  i  9.15  feet  (calculation  based  on 
all  data  recorded  for  this  site  through  10  Septeni'er  -  the  12 
September  data  v/as  not  used  since  only  one  of  the  four  rubber 
links  1*  the  mooring  v/as  intact)  about  the  mean  position,  or  a 
3a  -  buoy  position  v/atch  circle  of  18.3  feet.’  AH  recorded  data 
•fell  within  a  watch  cii-clo  of  16.4  feet.  The  antenna  vortical 

4'  0 

incliiiction  stayed  \;it:rin  a  cc'-.e  of  -■  S  ,  v/in’l-e  the:  vertical 

2 

heave  acceleration  never  exceeded  .6  ft, /sec.  . 
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Based  upon  tliese  results,  it  is,  appcmit  that  the  PAf^A-BUOY  design^  ' 
will  essentially  roaet  the  performance  specifications  outlined  in  Table  1. 
Therefore,  the  data  support  a  reconnendation  tJiat  a  buoy-mounted  neviga-  - 
tion  slave  station  be  used  in  the  Hysurdi  System, 

Engineering  Design  and  Analysis  Laboratoiy 
University  of  Hew  Hampshi re 
March  1969 
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•  appendix.  11 

Data  on  Navigation  Systems  t  ■ 

The  tables  which  follow  were  prepared  by  C.  G.  Welling  and  M.  j. 
Cruickshank .  They  v/ere  contained -in  a  paper  entitled  "Review  of' 
Available  Hardware  Needed  for  Undersea  Mining/'  present  at  the  2nd 
Annual  MTS  Conference,  Washington,  D.  C.  1.965. 

Additional  material  on  the  subject  of  navigation  systems  is  con¬ 
tained  in  references  1,2,3,  and  4,  shown  In  Appendix  1,  .and  in  a 
report  by  D.  H.  Clegg  and  6.  H.  Savage,  entitled  "A  Study  of  the 
Feasility  of  Various  Navigation  Systens  for  Use  in  Installation  of 
the  Pacific  Seaspider,"  Technical  Report  No. 105,  Engineering  Desigo 
and  Analysis  f.aboratoiy.  University  of  New  Hampshire,  Durham,  New 
Hampshire,  Septenber  1967. 
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APPENDIX  III 

Sei  Flyte  B.uoy  foK  Hysurch  System 


^  The  design  analysis’  of  hydrostatic  buoys,  that  is,  a  buoy  confi- 

*  a 

.  guration  irVhich  does  not  inherently  produce  lift,  had  revealed  that  a 

S  !  .  .  .  • 

state-of-the-art  design  v/ould  not  necessarily  isiset  the  specifications. 

I  t  I  ,  j 

As -a  result  of  discussions  V/ith  personnel  at  Arben  Marine  Products,  Inc. 

,  I  * 

at  Long  Beach,  California,  an  experinsntal  buoy  configuration  v/as  de- 

I  I  ‘  i 

:  «  5  * 

■  signed.  ^This  appendix  contains  some  of  the  materials  supplied  by  Arben 

I  * 

concerning  the  buoy,  which  is  called  Sea  Flyte.  The  design  sequence 

i  * 

for.  this  buoy  was:  ^ 

1)  An  analysis  of  the  potential  perfonaance  of  a  submerged 

1 

<•  airfoil -shaped  buoy  in,  the  environments  predicted  for  the 

I 

^  Hysurch  system.  .  .  > 

,  Z)  A  ,1/4  scale  model  study, of  .two  airfoil  configurations,  i.e. , 

.  t  $  *  t 

f  *  • 

cpnventional  v/ing  and  swept-bacic  v/ing. 

j  i  i 

•  ■■  3).  Design  and  construction  of  a  full  scale  prototype. 

’  '  '  I  '■ 

‘  The  analysis  was  sufficiently  promising  that  Arben  Marine  Products 
I  bujlt  tv/o  1/4;  scale  models  and  tested  them  in  equivalent  full  scale 

t 

.  currents  of  7.5  knots.'  The  con ventiohal' wing  section  stayed  within  the 
equivalent  .full  scale  v/atch  circle  of  15  feet  in  150  feet  of  water  up 
to  an  ecjui valent  full  scale  current  of  4.0  knots.  The  characteristics 
ini  equivalent  Sea  State  3  were 'also  promising.  Therefore,  a  full  scale 

I 

prototype  v/as  designed  and  constructed;  At  this  writing,  open  sea  eval- 

1 

<  uations  are  in  progress.,  > 


* 


I 


The  material  in  this  appendix  is  provided  to  enable  the  reader 
to  gain  an  understanding  of  the  basic  concepts  behind  the  Sea  Flyte 
buoy.  Detailed  infoncation  on  the  design  can  be  supplied  by  Arben 
Marine  Products.  When  open-sea  tests  arc  conpleted,  test  results  will 
most  likely  be  available  through  tiie  Naval  Oceanographic  Office  or 
Arben  Marine  Products. 


73 


] 


ASBBI  mBUB  nCOOCIS,  IK. 

2Q30  Vtat  I6tih  Street 

Loi«  Boadi,  Oaifosiiia  90S13  4/C  Z13~U3Ct-m. 

Tednieel  Marie  Stataaant 
(Proprletaix  Bata) 

Ibaolleited  Propoeal  6568-08-235 
^faearcb  Boaj  Prograa 


1.  Conflgoratlon  of  flotatioa  Seettop; 

1.1  the  Ootatloc  portion  of  tlie  Ino^  is  oosprlsed  of  an  airfoil 
section  sintlar  to  liS&  653-618  (see  attached  draidng) 
vith  nodifieatians  as  folloiis: 

1.1.1  Incorporated  into  the  trailing  edge  of  the  section  is 
a  Beflax  Section  vbieh  naj  he  adjusted. 

1.1.2  Tip  fences  are  incorporated  on  the  lower  surface 
only. 

1.2  The  span  of  the  section  is  presently  fifteen  feet,  the 
chord  is  six  feet  and  the  Fineness  Satio  is  5.46. 

1.3  The  unit  has  a  gross  displaceaent  of  2500  lbs.  idien  snb- 
nerged  to  the  Mean  Static  Vhterline. 

1.4  The  tmit  has  a  dynaM.c  lift  of  639  lbs.  #  4°  «=<  0  2  knots 
current  flow. 

1.5  Static  dry  vel^t  of  the  flotation  unit  is  600  lbs.  + 

100  lbs. 

1.6  The  unit  is  fabricated  of  Glass  Reinforced  Plastic,  hand 

laminated  of  marine  flexible  Polyester,  vith  skin  thickness 
to  be  determined  ly  Arben  Marine  Products. 

1.7  The  interior  of  the  tmit  is  filled  vith  polyurethane  foam, 
and  sealed. 

1.3  Battery  and  instrumentation  chambers  are  incorporated  into 
the  flotation  unit  vith  suitable  access  panels  and  aerial 
leads  to  the  mast. 

2.  Configuration  of  Mast; 

2.1  The  lower  section  of  -the  mast  is  coiqprised  of  three 
alumintfu  tubes  forming  a  tripod  to  support  the  trans¬ 
mitting  aerial. 

2.2  The  tubes  are  supplied  with  fixed  fairings  of  NASA  654-021 
section  (see  attached  draving)  belov  the  mean  vater  line 
and  with  free  pivoting  fairings  above  the  mean  water  line. 
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i  ) 


2.3  Barixontal  mtSttmen  of  nlffniM  ar»  placed  at  impropriate 
intemrala  and  aoppliad  vltli  fined  tgr-conweac  fairlnga. 

2.4  Ihe  tidies  aza  filled  idlli  poljniretliane  foaa  to 

deqj  Beawater  Intmaian* 

2.5  Ibe  aaat  la  ocafitlaed  of  tuo  nertleal  aectiooa;  Joined  Igr 
Iwlt  jHatoa,  to  facilitate  hmdling  and  ahliiping. 

2.6  9ie  imper  aeetian  of  the  aaat  la  a  flberglaaa  aooopole 
aomted  to  the  top  of  the  aliwiTwa  atnicture. 

2.7  0X7  ael^t  of  the  aaat  la  approx.  150  Iha. 

3*  Moorlag  Attachannt  Stmetnre. 

3*1  The  aoorlng  attaetacmt  atmeture  ia  fabricated  of  glaaa 
reinforced  plaatiea  with  Intenal  atructure  to  ahaorb 
aoorlng  loadb,  and  ia  filled  with  polTurethane  foaa. 

3.2  A  aiAwel  fitting  acoepta  the  cable  abadrle  in  order  to 
allov  the  bnoj  to  fair  into  eziating  current. 

4*  Beeanaepded  Moartwg  fiahla- 

1)  Alnflex  Altarfmai  Coaated  Steel  Cable.  ((^1.3) 

S.F.=2.425  (Preferred  aource:  Aaerican  Chain  and  Cable) 

2)  Alnflex  3/S”x£ixl9  (C[j=.6)  S,T»-3,AU  with  integrated  hair 
fairing.  (Preferr^  source:  laerican  Chain  and  Cable) 

5«  Recoaaended  Anchor  «  DeHavlland  explosive  anchor  or  equivalent 

v/UyOOO  lb.  restraining  force. 

6.  Svstea  Pynaalca. 

6.1  The  conblnation  of  net  buoyaniT',  lov  drag,  ^mamic  lift, 
and  the  forward  lift  vector  of  the  airfoil  section  are 
designed  to  produce  a  buoy  system  which  will  maintain  an 
extremely  small  watch  circle  and  excellent  dynamic  and 
static  stability. 

6.1.1  The  static  stability  of  the  buoy  is  dependent  upon 
the  net  static  bucyan<y  of  the  flotation  section, 
which  pivots  about  the  taut-wlre  mooring  point 
located  below  it,  to  provide  Righting  Moments. 

6.1.2  The  dynamic  lift  of  the  bucy  Is  px'ovlded  by  current 
flow  along  the  chord  of  the  airfoil  configuration. 
The  basic  purpose  of  the  d^mamic  lift  is  to  provide 
a  small  conponent  of  forward  lift  which  increases 
with  current  flow  to  overcome  the  additional  drag 
of  the  current.  Neither  the  dynamic  lift  nor  its 
forward  component  are  present  or  required  in  a  zero- 

current  situation. 
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6. 1.3  A  secondary  p’arpone  of  tha  fiyncmic  lift  ii:  to 
providt;  uir;hrias  >i>s*Gntn  about  the  airfoil  cc-ntfir 
of  pm^nuro  at  all  aii~lcE  of  attach,  positive,  aad 
negative,  in  exurrant  flotr.  'Xhc  -lefle:;  Section  is 
incoroorated  into  the  35.rfoil  section  to  aid  in 
this  fuactj.on. 

6.1.4  'fhe  drag  of  the  particular  cdLrfoil  section 
caiploysd  vs.  the  £or^?ard  lift  vector  of  that 
section  are  tradeoff.?  v^hlch  naist  ha  eaiployed 
to  provide  the  over;*.!!  stability  and  dynanic 
characteristics  required  of  the  systen. 

6.1.5  The  buoy  systera  is  desi.^ned  to  be  directionally 
reactive  to  ciirrent  floi^?  and  to  .have  a  sear, 
rotational  velocity  of  .25  radians/ssc  5.n  2  knot 
current  and  ;3ay  not  react  as  V7all  in  eddy  currents 
in  vrhich  the  current  directional  shift  estceacis 
oaraneter. 


7.  Svsten  Oasi*-:a  -?ara.?.eto.rs. 


Airfoil  Section  653- 618 


L=Ci,  r/2-.7"fp£S,., 


r. 


Cj-S  /JP  «{,  = 

JLj 

4^  oC  = 


.9 


.006 


9=05  /5''2V"fpsSQ 
Corrected  to  .016  to  accomodate  2c*dyfio''  and  Aspect  Ratio 
Q^p  f'P  «  -:-l.l 


/  Reynolds  Ko.  -  3.0::10^ 
Airfoil  Sec ti oil  65/j^''021 
Cr  ?-  0"^  =0 

L» 

Co?  (P  o'-  :=  .0053 
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Reynolds  i-To.  =  3.0::10  ' 

Gros.?  OYf.rt'arnr-.nj  lIoTisnts  -  3200  lbs. 
Gross  Rightj-ii;',  i’-.omonts  -  8.500  lbs.  /.*• 
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May  10,  1968. 


Kir.  F.  Hess, 

EDAL,  Kingsbury  Hall, 

University  of  New  Hampshire, 

Durham,  New  Heimijcliirc  03824. 

Dear  Fred, 

With  reference  to  our  telephone  conversation  of  today,  we  are 
pleased  to  enclose  our  standard  data,  package,  and  Outline  and  Installation 
Drawings  of  typical  mechanisms,  which  inay  suit  your  hydrograjjhic  buoy 
application.  We  would  also  be  25leas'ed  to  deliver  to  you,  for  your  cv^-lu- 
ation,  one  single  35  ft.  long,  stainless  steel  element.  This  would  be  our 
standard  3  1/8  inch  diameter,  overlapped  STEM  tube.  The  cost  foi*  this 
item  would  be  $100.00  U.S.,  F.O.B,  Malton,  Ontario,  exclusive  of  all  ’ 
<-xes,  tariffs  and  duties;  terms  net  30  days.  The  quotation  is  valid  for 
''^^jlays  from  the  date  of  this  letter. 

From  the  description  of  your  requirements,  it  would  ajjpear 
tlsat  actual  jjroduction  hardware  might  utilise  multi- clement,  2  inch 
diameter  BI-STEM.  For  this  reason,  wc  are  also  enclosing  an  extract, 
describing  a  similar  iqjplication.  To  be  truly  representative  of  ojicra- 
tional  hardware,  the  3  1/8  inch  sam25le  should  be  cquq'jjscd  with  proper 
root  and  tip  25lug  fixations.  V7c  would  be  25leasad  to  2>rovide  you  with 
details  for  these  cdmjjonents  at  a  later  date. 

Wc  trust  that  the  enclosed  information  is  adoqu.atc  for  your 
present  needs,  and  look  forward  to  your  further  communication  in  this 
matter. 


Yours  very  truly, 

SPAR  AEROSPACE  PRODUCTS  LIM-ITED 


j  S|#. 

i  •..■•I.-. 


- _ _ _ 

II. N.  V/c\\;nan, 

Chief  A];j))iealidj<s  F.T)v.i;icer 
ST1:'M  l-'rodiictf:  Doiiartmcjit 
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Aerospace  Protects  Idnlted 
6022,  Toronto  InteinatioDal  Airport 
C5Mada/Phono(4l6)676^3333 
2-29362  Spamalt  Tor/Cable  Sparoalton  Tor 


STEM 

STORABLE  TUBULAR 
EXTEHDIBiE  MEMBER 
for  ground  environment 

ANTENNAS 

MASTS 

BOOMS 


In  response  to  a  long-acknowledged  need 
for  antenna  monibers  with  a  hi^  degree  of 
extendlMlitj,  inlyiliiniin  space  storabllity, 
ll^t  vei^t  and  utmost  reliability,  SPAR 
Aerospace  early  in  I960  undertook  a  re¬ 
search  project  to  develop  such  a  product 
for  a  major  spacecraft  system. 

This  program,  a  resounding  success,  pro¬ 
duced  the  first  of  an  entire  system  of  such 
devices,  \Mch  have  become  widely  known  as  ’ 
STEMS  (storable  Tubular  Ebctendible  Menders). 
Within  a  year  a  similar  pro^am  was 
launched  to  develop  the  device  for  ground 
environment  use;  the  applications  shown  i 
overleaf  are  typical  of  \teit  can  be  f 

achieved  with  this  unique  development.  c 

THE  STEM  PRINCIPLE  3 

The  key  to  the  STEM  system  is  a  con-  g 

tinuous  strip  of  n 


tiemcnt 


Storage  Orvm 


L. _ r.._/ 


resilient  spring  metal,  heat-treated  | 

for  maximum  f lexibiliiy  with  an  unfurled  \ 
overlap  characteristic  of  aboTit  180°.  j 

This  provides  the  tubular  element  with  ( 
strength  equal  to  a  conplete  seamless  f 
member  of  sibailar  diameter  and  wall 
thickness. 

Storage  of  the  member  is  acconplished  by  ' 
coiling  the  tube  around  or  into  a  cylin¬ 
drical  drum,  which  rotates  for  extension  ; 
and  retraction  either  by  means  of  a  motor'; 
drive  or  hand  crank.  Push-pull  and  self- ^ 
extendible  concepts  are  also  available. 

Since  retraction  of  the  element  reqxdres 
supplying  strain  energy  to  the  flattening  - 
spring  tube,  the  stored  element  has  a 
natural  tendency  to  self -extend;  thus 
very  little  unfurling  power  is  required. 

In  application,  of  considerable  strain, 
the  deployed  bending  and  torsional  stre¬ 
ngth  of  the  member  may  be  increased  by 
simply  nesting  several  spring  elements 
together  in  a  given  diameter. 


I 


i 


J 


'  •  I  .  I .  -  • 

i  ^r/vn/VEKQSPACECAPABILITIIjS  '  .  ,  '  {'}. 

S:  '■  ■  ‘  ,  f-  -'V.. 

*  ;  --WR  15  a  provcrfand  irusicd  supplier  of  extendible  i  *  ‘ 

I  ..,,;unes  for  all  NASA  and  DOO  applications.  A  f 

t  ,  'I  variety,  of  grourtd  and  sea  cpvironment' antennas  i 

..j  masts  lii'r»'0  been  provided  to  customers  through-  f  . 

i  ..^'.Canada,  the  United  States  and  Europe.  ,• 

-  '  '  ’  *  ■  I  i*  "  : 

'■  maintains  complete  facilities  for  the  custom  '  fV"'-'-  = 

.  "  jmd  manufseture  of  a  great, range  of  extendible  '  t.  ; 

.  ..TEM  structures.  These  include  approved  Quality  :  |  '  '  ‘  r.  ' 

r‘f,(iuol  and  Reliability  Systems;  "Clean  Room"  ‘  I  '  ' 

*.  ,  As'-tinbly* Arens;  Devclopmtnt,  Environmental-Test,  :  : 

•.^.itcrialsRcbC-arch,  and  Materials  Test  Laboratories.  '.  ;•  ■ 

'  7k2  resources  of  SPAR's  highly-trained  design,  '  ; 

d;v?lopmcnt  and  program  management  group  arc  ? ' 

'  ■  lompletely  available  to  STEM  custorhers.  ‘  ' 
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The  ST£M  3-  I  '/S-inch-diamctcr  elevating  mast  raises 
electronic  sensing  apparatus  far  alfovc  vehicular  , 
height  for  greater  distance  penetration.  '  , 
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histolled on  a  "man-pad:"  communications  unit, 
^^'is pushjpull  STUM  antenna  provides  a  readily-  i 
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This  1-3/S  inch-diomc  tcr  elevating  m.ast,  installed  'on 
the  rear  of  a  jeep,  permits  remote  extension  and 


\  fi'ndihh  and  easily  wilh-.lrawn  c-h'men}  for  n)ilitary,  yrithdrav/a!  from  the  driver's  position. 

f|P'  'ice,  rnnr.  -'iicy  and  indiistria!  :l;';)lirat!oiis.  ‘  i  '  ;  .  ‘  ' 

I  ■ 

Aorosp.cico’  IVodiiCis-l.imilocl  ■  ‘  *  T ' 

*>0/.2,  TofOiUo  Ir.l.'iru’ilionol  Airport  ,  ■  'O''^ 

Cr!ncKiri/Pl.on:v^  -  ;  ^ 

'  ■)•  02,-20302  S!Viiiii.';l;  Tor/Cabio  Soorfn.'ilion  Tor  •  *^3  '  _ i_/. 
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'  spar  l.i;nifai 

■  •  BOX  0022,  AiRPOjJT _ 

Ijjr7l966  ^  ^  liodel  5/^39  T 

( 

*•  4S)DIL  SPZBIFICATIOn 

1  '  .  .  •  i  - 

OrlA*  .  . 

GE13mUI,  RJRP0S3  TiLWISFORTABLS  1 

'  '  '  3'1/8  iiicii  Di/aasm  stem  msr  1  ^ 

‘  MODEL  5439  ' 

1.0  IKTRCOUCTIOII 

*  i  *  * 

^  1*1  ’'This  specification  co'/ers  t^rc  psrfdrjnance  capabilities,  installation, 

data,  standard  and  optional  i*eattii*es,  on  a  qviick-erectablc,  tranEj.x)rtable 
I  ’  nast  of  the  STE-1  tyjre,  ftnploying  an  nnfurlable  tube  fomed  by  heat 

,  t^reating  a  metal  strip  into  a  circular  section  in  such  a  manner  that  the 
edges  overlap  by  appro>dLnately  1C0°«  The  mast  is  of  a  general  purpose 
‘  'design  capable.  o.f  elevating  a  variety  of  tiploads  vai’ying  from  antennas 
and  reflectors  to  liglit  beacons  and  television  cameras,  unsupported  or 
guyed. 

i*  •  * 

2.0  PERFCSdlitXJE  Sm5-WRY  .  '  .  .  ^ 

<  .  ‘2.1  Tiploadr  Vi'cight  and  gcor^txy  deterinine  the  allowable  v/indspecd  for 

a  given  bright  (or  vice  versa).  .  It  is,  therefore,  impracticable  to 
I  provide  an  c0.1  encompassing  set  of  data  coveiung  every  pons3.blc  corabina- 
,  -tion  of  x/ejght  and  'drag  area.  *De  Havilland  has  prepared  a  computer  pro- 
gram  which  perrrdts.  quick  <assessrsent  of  feasibility.  It  optiniKos  the 
,  mast  .con.figuration  for  minisauni  w’eighb  coneddering  also  svicli  variables  as 
ice  thickness,  tip  slope,  limitation,  base  tilt  angle  and  differentiation 
'  ‘  -between  operational  and  survj.val  valndspeed.  The  follov.dng  data  is 

typicaJ.  and  indicative  of  the  ,.ST£I-i*s  capabilities. 

I  ,  . 

'  ■’  2,2  .  Unsuppoi'ted  (Cantilever,)  Hast 

'  .  Case  «A‘  Case  ‘B« 

Extended 'height., 45  ft.  50  ft. 

Txpload., . . .  75  ibs. 

*  ,  Tip  Area  (equivalent  Hat  plate 2  ft,'^ 

Base  Txlt  A)^glc...oo.c....c.oo.oooe.'..ooo.o  15  degrees  15  degi'ccs 
3vit*vxvsX  V/xixi speed 0  o  o  i o 

,.  3.'0  PHYSICAL  DllSHSIpMS  Alj/WEiCHT  •  ’ 

’  •  3*1  Dimensions  '  '  ' 

I  I  '  . 

(  Mast  (tifuivrtcro .oe.o'a.oo..oc..<i.. ,  3*'d/^  xnen 

Overall  retracted  height  (less  ti}»load). . .  75"l/2  inch 

.  -Overall  \;xdth  (cxoluciing  mounting  f langc ).,..., o... 19“l/JJ  inch 
■  Overall  depth  (cxe'Uxling  mounting  flange 17“lA 

■  Total  weigivv.  (dero:k:.ing  on  mast  luvgt}'.)  l'>.s  nv:.'--:nu;:ri 

I  f 

- - - - ■' - *”1"  - - -  - - ^ 

.!  .  ■  I 

84 

_  ‘  I 

} 

! 

I 

I 

t  t 

! 


Model  5439 


PM4M  •  •»>»»>• 


4.0  I£ADIKa  PARTICULAIIS  '  .  - 

4.1  Quick  replaceable  tape  unit  facilitates  the  c:<chan5c  of  dajaajjcd 

masts  anrl  jverrrdi.s  tlss  use  of  the  Stsce  mast  housing  and  warding  mochanitai 
with  se\rcral  mast  configurations  designed  and  optimized  for  specific 
apiflications.  , . 

4.2  Stainless  steel  mast  material  for  m^dmun  corrosion  resistance. 

4.3  Extension 'and' retraction  by  HO  VAC,  60  cps,  siii^e  phase,  fractional 
horscpov.'er  universal  motor  (l/4“3/4  hp).  Self -extending  tendency  of 
wovind  taps  counter  balances  tip  load  and  I'cduces  psalc  winding  torques. 

4.4  MaJaisnmi  strength  is  obtained  by  using  a  multiple  of  STEM  tubes 
concentrically  nested,  yet  vsund  on  a  single  drum. 

4.5  Electrical  cables  leading  to  tip-load  can  be  convejiiently  fed 

through  the  bore  of  the  mast.  .  /  . 

4.6  Provision  for  manuji  operation  in  case  of  motor  or  power  failure, 

4.7  Reduction  gearing  integral  with  tape  spool, 

4.8  Inclxidcs  motor  drive  control  px’cvid3,ng  automatic  wasdiaxua  extension 
arid  retraction  liroi-ting  as  x;ell  as  height  readout  potentiometer  2000 
ohms,  1  watt  for  remote  height  indication, 

5.0  lUSTALUTIOn  DATA 

5.1  Hodel  dravdng  5439  shows  all  the  leading  dimensions  and  illusti'atcs 
hovf  the  equipriient  caii  be  installed. 

5*2  The  basic  unit  coinjvrises  the  mast  housing,  c/x;  v.dnding  mechaixism, 
qxxick  replaceable  tape  xuxit,  tape  spool  coxier,  mst  endcap,  mounting 
flange  and  electii.cal  motor  drive  assembly, 

6.0  OPTIOMAL  FEATURES 

6.1  To  permit  high.or  x;ind  speeds  single  point  gxiying  kit  Part  Ko, 

■  5439F2-1  may  be  ordered. 

6.2  In  lieu  of  tlje  AC  dx'ivc,  a  28  volt  DC  electric  motor  may  be 
installed, 

Sj^eclficationr.  fui-nis.hcd  by  de  Uaxdlland  are  believed  to  be  accxircite  and  reli¬ 
able,  Hov/ever,  all  specification  cla.ta  is  sxibjcct  to  change  xdthout  notice. 

The  De  Jlavidland  Aircraft  of  Canada,  Limited, 

Special  I’roducts  and  Ayplicd  Research  Division, 
haltor.  Ontario  •  Canada 
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OUTLINS  ANO'  I^STAl.^.ATIOH  -  STQ.  S'/a  OIA.  6R0UND  STEM 


OUTLINE  —  1%  DIA.  Si^OUND  MAST 


2.G  onMw  vnaaTroir 

Sea  Teats  iiete  oondueted  qd  ipril  2,  1964  in  the  Golf  of  Mexico.  The 
sea  state  ws  judged  to  he  state  4*  The  apaeeeraft  has  3  natural  fn- 
qaendes  vhicih  are  approxlBatelj 

-hi  ~  9  •07  (cps)  for  heave  action 
^n2  ~  (cps)  for  roll  aotion 

^b3  -  (cp*)  pitch  aotion 

It  lionld  he  desirahle  to  have  these  valaes.;aore  accnrately  estahllsbed 
Igr  an  eoqieriJMint. 

Boll  seeaed  to  he  the  aost  severe  and  an  analysis  of  the  transfer  of 
ocean  vlhration  'via  roll  action  of  the  capsule  'to  the  antenna  Is  presented 
In  appendix  1. 

3.0  BDCKUMG  UHDffi  VKBTICAl  T/^APTIC 

In  antenna  subjected  to  its  D^Alesibert  force  due  -to  heave  acceleration 
aay  huclde.  In  Appendix  B  It  Is  shoun  that  the  vertical  acceleration  vould 
have  to  he  of  the  order  of  12g  before  the  antenna  vould  hucdde. 


4.0  BAT  PHEHOMHKW 

The  Gemini  Hl^  Frequency  Whip  Antenna  vas  ol»erved  -to  exhibit  heating 
idien  carrying  out  free  'vibration.  Some  coiq)ling  between  flexure  in  two 
perpendicular  directions  exists  and  ^dier.  a  flexural  free  -vibration  is 
camnenced  in  y-direction  it  is  observed  to  die  avay  and  motion  in  x-direction 
builds  up.  Subsequently  the  motion  in  x-direction  dies  avay,  while  beat 
in  y-directlon  builds  iq>  again.  The  period  of  this  exchan^  of  flexural 
vibration  is  confuted  in  Appendix  C  and  is  found  to  be  90  (s) . 


5.0  BEMDIWG 

In  Appendix  D  the  distribution  of  the  bending  moment  for  booms  of 
15  (ft) ,  14  (ft) ,  and  13  (ft)  length  is  plotted.  Ihe  bending  moment  vas 
ob-tained  ty  assuming  that  the  boom  vas  rotated  through  57°  at  a  maximum 
angular  acceleration  of  2.18  (rad/s2).  The  extreme  position  of  the  boom 
is  47.5°  from  the. vertical.  Acting  on  -the  boom  is  a  15  knot  horizon-tal 
wind.  A  tip  load  of  0.31  (lb)  is  also  present. 


mi-sp-R,ioi 


The  bsoding  aownt  dlstriliiitioDS  were  Unearixed  and  than  naed 
to  recoMBnd  optimm  lengtha  for  the  5  nested  eleMita  of  the  hooa, 
2  of  iddch  go  all  the  vaj  to  the  tip. 


6.0  TOBSIOg 

SBM  ttibaa  do  not  eidiihlt  aaeb  torsional  stiffheaa.  'Bf  preventing 
varping  at  the  ends  of  a  tnbe,  the  torsionBl  stiffness  can  be  isproved 
eonsiderablj.  The  isproveaent  depends  (m  the  length  of  the  tube.  Ihe 
Shorter  the  tobe,  the  greater  the  iiqiroveaant.  In  Appendix  E,  it.  is 
Shoim  that  for  the  Geadxi  HF  IBiip  Antenna,  preventiosi  of  varping  at 
both  ends  increases  the  torsional  atiffbess  bgr  alaost  700^.  The  pro¬ 
vision  of  a  ploj  guide  and  of  a  tip  ping,  both  designed  sudi  that  thegr 
prevent  varping  effectively,  is  therefore  strongly  recossended. 
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IBC-SP-B.101 


APPEBillA 


OV  10  SIBf  iRBBttS 


1.0  PURPOSE  OF  JWtWSrXGATtm 

The  purpose  of  tbe  preaent  Inveatlgatlop  is  to  obtain  an  estinate 
of  the  spectral  densily  of  antenna  Tlbration  caused  tgr  ocean  Tlbration 
at  sea  state  4* 


2.0  HBITC  yiBRATIOg 

2.1  Ihe  displaceasni  spectral  densiiy  of  ocean  waves  at  sea 
state  4  Is  given  in  Figure  il. 

2.2  Ihe  natm^  f re^pjency  of  roll  vibrations  of  the  Geadnl  space¬ 
craft  capsule^' approzinately  0.25  (cps).  Ihe  daq[>ing  factor  is 
assiaed  to  beff  =  0.5.  Ihe  square  of  the  transfer  function  is 
shoim  in  Figinre  A2.  ' 

2.3  Ihe  roll  displaoeaent  spectral  densiiy  is  obtained  Igr  oulti- 
plying  the  carves  of  Figures  1  and  2  and  is  shown  in  Figure  13. 

2.4  Based  on  the  assuBq>tian  that  the  antenna  carries  out  flexural 
vibration  and  that  it  has  a  very  saall  damping  factor  =  O.Ol) 
and  that  its  natural  frequency  is  1.5  (cps),  the  square  of  its  trans¬ 
fer  function  for  flexural  vlbraticm  is  as  shown  in  Figure  14.  It  is 

'  also  assumed  that  heave  and  pitch  motion  of  the  capsule  do  not 
contribute  to  the  flexural  vibration  of  the  antenna,  rendering 
the  analysis  presented  here  only  apprazimate. 

2.5  The  flezural  displacement  spectral  density  of  relative  antenna 
vibration  (i.e.  antenna  bending  idth  respect  to  the  capsule)  is 
obtained  by  multiplying  the  curve  of  Figure  A3  by  that  of  Figure 
A4.  The  resulting  spectral  density  is  shown  in  Figure  A5. 

3.0  RESULTS 

An  Inspection  of  Figure  A5  indicates  that  at  sea  state  4>  the 
Gemini  HP  Whip  Antenna  shoiild  exhibit  pronounced  flexural  vibration 
at  0.09  (cps) 

-4- 
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and  0.25  (<^) .  Tlbratioa  recoxda  taken  daring  the  spaoecraft  atahUliy 
teat  (see  letter  of  J^irll  9th,  1964)  have  not  been  aade  available  to 
deHavllland.  It  ia  expected  than  an  anolyaia  of  the  record  iionld  ahow 
the  preaence  of  lai^  aaplltodea  at  freqaenciea  of  0.25  and  0.09  (cps). 
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APPENDIX  B 


BUCKLING  UNDER  VEXClICAi.-  ACCE-LERATTION,  GE?>^IIM  HF  WHIP  AN-r'ENNA. 


I 

Assume  thaJ:  a  15  (xt)  i§  mot::a£ed  veruicaUy  a  cantU^ver. 

The  critical  load  <:av.-:ing  >":::ler  brfckling  (Timoshenko  and  Gere)  is  then 
approximately  '  '  t  ■ 


P'  =  7.837  El 


With'  E  .  -  29{10-  )  (lb/in2). 


I  =  1.73  (10--3)  (in4)  ,  , 

•‘and  r  -  180  (in),.  ^ 

i  •  ,  f  i  ■  • 

P  =  12.2  (lb)  '  '  ’  •  .  ■  ,  ■  ‘ 

.  ■  -  ■  ■  ‘  I 

The  quantity  P  is  ^the  total  load.  For<one  element  of  180"  length 


E'  r 


m  -  §  '(  d)  t  1  =  0.283  (4)  0.‘005fl80). 

■'  .  '  386  I  , 

■  ’  m  ^  0,00264  (lb  s^/in)  ' 

The  acceleration  is  obtained  by  Writing  ' 


=  Z  =  12.2  =  4620  (in//') 


or 


li 

i 


!. 


m  0.00264 

j 
I 

a  =  12  g 

.Neglected  are: 

r 

I  I  ■  :  ,  .  I 

(The  tip  weigl>t  (which  woidd  givie  a  reduced  value  of  "a"),  ' 

The  shorter  elements '(which  would  giveian  increase^  value  of  "a"). 


. ' 


'  I  2 


I  / 


I 

i 


w 


{  < 


-9-, 

95 


J 


gw  i 


»  t 


,  I  ' 


•■1 
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s 


i  I 


i 


I 
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APPENDIX  C 


ON  THE  BEAT  PHENOMENON  OF  THE  GEMINI  HF  WHIP  ANTENNA 


The  fundamentel  ilexv’ral  nat^iral  frequency  in  one  plane  is 


=  0.94  (cps)'  , 


or 


,  COp  =f  5.92  (radVs) 

I 

In  She  other  plane  j  the  natural  frequency  is  slightly  different,  because  the 
inertia  moment  is  different.  '  '  .  - 


< 


Wyi  '5.92  =  6. 06  (rad/s) 

,  |ii  ■  yi.73 

*  ‘  *  I  : 

The  resulting  motiori  of  the  system  may  be  regarded  as  being  made 
up  of 'super posefi  principal  nodes.  Thus  we  can  write. 

i 

*  I  •  !  ' 

'  iX  =  Aj  cos  ^Ojt  +..Bi  cos’ ^2^  ■  ■  ' 

I 

'  „  y  7  ^Z  ®2  cos 

If  the  .  system' is  istarted  'ofx  with  y  -  0  andK  =  A 

•  ■  > 

■  -x  =  cos  to  jt  +  cos  (0  2^ 

I  '  • 

y  =  ^  cos  O  jt  —  cos  cO  2^ 

'  ,2  ,  , 

r  ’  ■  ■ 

t 

By  employing  trigonc/metriciidentitiee 

'  ■  W,  -O,  '  «t.  L 

-x  =  _A  cos  — — t  •  cos - ^  . 

‘  ’  Z.'  I  •  2. 


-  10  - 
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• 

_ _  «  _r_  ”  Oil  ,  .  OJ^-i-COi 

\  A  Sin  i"  •  s  t  it  — - -  */• 

2.  .  7  ^ 

• 

New 

• 

O2  -<i7i  =  2A  =  0.14  ='2(0.07) 

Wi  +^2  =  2  :=  5.92  (rad/s) 

- 

Glen 

- 

X  =  A  cos.  A  i  CO.S  CO  t 

y  =  A  sin  .A  t  sin  co  t 

, 

One  complete  bait. cycle  his  a  period  of  ... 

■ 
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APPENDIX  D 


BEIJING  MOMEN%;S  OF  GEMIMI  HF  V/HIP  AKTENKA 


The  bending  monieni  applied  to  a  boom  is  assumed  to  consist  or 
(see  also  Figure  Dl): 


Self  weight  (at  47.5®  from 

Angular  Acceleration  (2.18  rad/s^)  of  self  wei 
Wind  Load  (due  to  a  15  knot  horizontal  V/ind) 
Tip  weight  (0.31  ib) 

Acceleration  of  tip  weight 


5'2-5* 

13-^ 


AA2/s 


Booms  of  15  (ft),  14  (ft)  and  13  (ft)  were  considered.  Optimum 
lengths  for  the  nested  elements  were  obtained  and  are  indicated.  Five 
elements  are  nested  in  each  case,  t;vo  of  which  are  of  full  length.  To 
simplify  the  analysis,  the  bending  moment  distribution  was  li!iearir;ftd. 

The  results  are  shown  in  Figures  D2,  D3  and  D4. 

The  following  assTimptions  v/ere  made  in  the  analysis: 

/  '  ■  . 

(a)  Any  influence  of  the  normal  load  component  of  self  weight 
and  tip  weight  has  been  disregarded. 

(b)  The  influence  of  deformation  upon  the  load  has  been  neglected . 

(c)  The  aerodynamic  drag  coefficient  Cj)  has  been  taken  to  equal 

1.20. 

(d)  The  maximum  permissible  bending  moment  for  a  STEM 
section  was  taker,  to  be  that  defining  local  instability,  via: 


E 


M  =  k  n 


2,  6 

(1  -  V  ) 


(in  lb) 


with:  k  =  0.75  ~ consfanr- 

V  -  0,3  =  Poisson's  ratio 

d  (in)  =  diameter 

t  (in)  -  thickness 

n  "•  number  of  elements 


-  12  - 
98 


ST£n  De.t/v\us>. 

5  e-lGLmcn-ts. 

Norrtfnv^V  I>!srA(2-Ver  O’Ob.ifVi.’ 

hsVeri'al  Thit'^ness  O’OO^iaCi. 

•  t^^ve^lo'pc-d  Wicil-Vv  4-*0  in-T*  . 

MsV^»b\  ;  Slra«rv.\c.*=.«»  SvQ.ftV. 


I»C>SP>B.101 


AFPHPII  E 


TOBSIOH  Of  GEMatr  Wg  «nT>  KWaSSk 

The  equation  relating  torque  T  (in  lb)  and  twist  angle  ^(rad) 
of  a  Gealni  HF  Vhip  Antenna  of  16  foot  length,  lAere  warping  is  pre> 
vented  at  both  ends,  can  be  shown  to  be: 


^  =  7«87  ^ 

where  C  =  1.85  (ir^lb)  is  the  torsional  rigidity. 

With  ploy  guide,  but  without  tip  plug  (i.e.,  with  warping  prevented 
at  root  and  warping  pemltted  at  tip),  the  twist  versus  torque  relation 
becones 


=ii22  T 

Without  ploy  guide  and  without  tip  plug  (i.e.  warping  permitted 
at  both  ends),  the  twist  versus  torque  relationship  is 


A  con?»rison  of  the  results  indicates  tbat  prevention  of  warping 
at  one  end  (e.g.  ty  a  ploy  guide),  increases  Lhe  torsional  stiffness 
by  975^  and  prevention  of  warping  at  both  ends  (e.g.  by  S’  ploy  guide 
and  a  tip  plug),  increases  the  torsional  stiffness  by  68^. 


/ 
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Bac'tgroi.r.d  Materials  ort  “Seas tuple"  /iiichors 

Tnis  appendix  contains  background  material  on  the  "Seastaple" 
eiAedirant  andior;  developed  by  the  ilational  Water  Lift  Con-pany  of 
Kalamazoo,  Michigan. 


I  i  J 

I  ^ 


:.\J^-.i!j  L’-L^h  JS-.xIL.  ijzl.  j  IL.Uu'^  U  ~  . . 

2220  PALMCn  AVPNUe  •  KALAMAZOO.  MiCHICAN  ■4900t  *  PHONE:  JAS-OOAt 


17  May  1968 


> 

Mr.  Frederick  Hass 
University  of  New  Hampshire 
Kingsbury  Hall 
Durham,  New  Hampshire  03824 

Dear  Mr.  Hess: 


Your  inquiry  regarding  embedment  anchors  has  been  referred  to 
me  for  reply.  I  am  pleased  to  enclose  all  v/ritten  material 
currently  available. 


The  NWL  SEASTAPLE  anchor  is  the  result  of  approximately  six 
years  of  development  covering  a  wide  range  of  military  and 
commercial  moorings.  You  x^ill  note  that  NVJL  has  placed  over 
200  anchorages  as  a  part  of  the  SEASTAPLE  program,  v/ith 
considerable  success  in  moorings  in  a  variety  of  bottoms. 

For  a  period  of  approximately  two  years  NVJL  has  manufactured 
and  sold  a  production  design  of  the  MK  5  and  MK  50  described 
in  the  attached  brochure.  Additionally,  the  operating 
instruction  booklet  may  provide  certain  information  pertinent 
to  assembly  and  placement  of  the  anchors. 

Early  this  year  we  received  an  inquiry  from  Movible  Offshore, 
P.O.  Box  51936  O.C.S.,  Lafayette,  Louisiana  70501  (Dr.  Murphy 
Thibodeaux,  Chief  Engineer),  which  over  a  period  of.  approxi¬ 
mately  three  months  has  matured  into  an  active  interest  on 
Movible 's  part  in  purchasing  the  entire  National  Water  Lift 
SEASTAPLE  anchor  product  line  for  use  both  in  their  own 
activities  and  for  manufacture  and  sale  to  companies  such 
as  yourself.  The  status  of  negotiations  V7ith  Movible  at  this 
point  is  that  they  have  taken  an  option  to  buy  the  anchor 
program  v;ith  contract  completion  anticipated  by  early  summer. 


A  DIVISION  or  r-^Ni:=uiv:o  j:fAN.f^!rj;!€i.o  corP'Oration 
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Mr.  Frederick  Hess 
University  of  New  Hampshire 
17  May  1968 
Page  Two 


During  this  period  of  negotiations  with  Movible  the  two 
companies  have  agreed  to  follow  up  any  important  requirements 
for  the  anchor  through  Movible  Offshore,  with  the  direct 
technical  assistance  of  National  Water  Lift  supporting  Movible 
in  this  venture.  The  present  inventory  *of  anchors  at  KKL  are 
available  to  Movible  Offshore  and  all  NWL  "know-ho\#"  is  also 
available  to  them. 

While  a  transition  of  this  type  sometimes  generates  customer 
problems,  you  may  be:  sure  that  both  NWL  and  Movible  x^ill  do 
their  best  to  .minimize  them.  Under  present  status  a  discussion 
of  procurement  of  any  anchor  for  your  c'urrent  requirements 
should  be  made  through  Movible  Offshore,  viith  the  full  assistance 
of  NWL.  I  am  sure  Movible  will  be  happy  to  accommodate  you. 

Please  note  that  we  have  had  particularly  good  test  results  with 
SEASTAPLE  anchors  in  rock  (shale  and  coral)  as  v/ell  as  in  more 
conventional  bottoms.  We  have  fired  several  test  anchors  into 
hard • concrete  with  results  similar  to  natural  rock.  Pull 
ratings  in  rock  generally  exceed  the  anchor  ratings  by  50%  to 
100%. 


The  anchors  are  rated  in  a  sand  or  sand-clay  mix  and  arc  believed 
to  be  conservative  in  that  type  of  bottom. 

I  am  sure  that  you  will  find  the  SEiiSTAPLES  a  most  interesting 
product,  capable  of  providing  low  cost  anchorages  in  difficult 
bottom  conditions.  I  have  notified  Dr.  Thibodeaux  of  your 
interest  in  order  that  he  can  follow  up  your  inquiry. 

Very  truly  yours, 


JFS:cc 


enclosures : 


(1)  NWL  SEASTAPLE  brochure 

(2)  NWL  SEASTAPLE  Operating  Instructions 

(3)  NWL  SEASTAPLE  Background 


i 


ANCHOR  USAGE 


,The  following  list  indicates  some  of  the  more  recent  anchor 
applications:  -  .■  *  I 


keyport  Naval  Torpedo  Test  Station  '  ' 

■  1.  MK  50  to  anchor'  instrumentation  barge. 

I  •  '  •  ,  ** 

Naval  Ordnance  ’Laboratories '  ' 

L"  •  '  ‘ 

Lauderd'ate  Test  -  id  MK  5*s.  to  evaluate  NWL  anchor 
vs.  competition  anchors. 


NOL  Project  White-hat  •  ... 

I 

*  i 

20  MK  5 ' s , ■ puchased  as  a  result  of  the  outcome  of  the 
Lauderdale  test  to/  be  used  to  hold  instrumentation 
packages  in  an  underwater  explosion  test. 

Point  'Conception,  Califofhiai 

I  _  '  ■  ■ 

'1  MK  50,  2 'MK  5*s  -  idemons'tration  test  for  the  oil 
''  companies  (planting  anchors  into  shale)  . 


!'  FRG,  Eraden  '  ' 

I  '  '  ■  '  '  ■  'v  ■ 

j  ,  1  MK,  50  -  planted  in  the  North  Sea  off  of  Eiiiden, 

I  .  Germany,  to  moor  an  AHOUCO  type  buoy. 

I  ‘  ‘  I  •  1. ,  (  •  • 

i  Standard  and  Union ’Oils 

,  •  !  ... 

4  iMK  5P's  -  planted  off  of  the  Oregon  coast  in  shale 
s  '  to-  moor  a  drilling  rig.  '  , 


^Naval  Civil  Engineering  Laboratories 

I 

.  r 

•  10  MK  5*s  -  to  evaluate  deep  water  firing  of  the  anchor. 


Hudson  Laboratories 


■C-  . 


22  MK  50 's  -  planted  on  continental  shelf  off  of 
Bermuda  as  part  of  the  ALITEC  Program. 


■jo'^ 


NHL  "  SEASTAl’LE"  ANCHOR 


■  !  - 

'  ■  -  ■  ■  I  •  . 

National  Ha.ter  Lift  Company  has  developed  and  placed  on  the 
raarkct  tv;o  models  of  the  SEASTAPLE  embedment  anchors.  These 
models  are  the  MK  5-4000  scries  which  is  normally  rated- at 
5,000'  pounds  and  the  MK  50-4003  series  rated  at  50 ,000- pounds 
o£  holding  capacity.  The  ^NWL  anchor  rated  holding  power  is 
based  on  a  sand,  silt,  and  clay  combination,  v;ith  the  anchor 
being  pulled  in  a  true  vertical  position.  A  variation  from 
this  type  of  bottom  has  some  effect  on  holding  characteristic, 
v/ith  tendencies  toward  100  percent  silt -reducing  the  holding 
capacities,  and  tendencies  tov;ard  hard-packed  sand  increasing 
the  holding  capacities.  NHL  anchors  have  been  installed  in 
mud,  clay,  sand  and  gravel,  coral,  shale,  and  concrete  in  the 
course  of  a  large  number  of  firing  tests. 

Tv;o  fluke  configurations  are  available  for  the  MK-4000  series. 
Model  4000-1  is  for  sand,  mud  and  clay,. and  Model  4005-1  is  for 
coral,  concrete,  and  shale.  Both  of  these  configurations  can  • 
be  interchangeably  fired  from  the  MK  5 ,  Model  4000-3  gun.  * 

The  MK  50-4003  has  a  single  type  of  fluke  which  has  been 
installed  in  mud,  clay,  sand  and  gravel,  coral  and  shale  v;ith- 
out  changes'.  The  MK  50-4003  series  anchors  are  fired  from  the 
MK  50,  Model  4006  gun.  ,  -  '  .  • 

Both  the  MK  5  and  the  MK  '50  anchors  can  be  surface  fired  or 
bottom  contact  fired.  Surface  firing  is  recommended  vjhcre 
practical.  Both  have  pressure  svjitchcs  in  the  firing  circuit 
to  assure  safe  handling  v;hen  out  of  the  water  or  in  shaliox^ 
water  coilditions.  The  guns  have  provisions  to  incorporate 
legs  to  form  a  tripod  for  setting  the  gun  assembly,  on  the 
bottom  for  shallow  water  firing  or  precise  location  firing. 

The  life  of  a  SEASTAPLE  when  set  in  the  bottom  is  known  to  . 
be  quite  long.  However,  the  full  life  an  an  anchorage  is 
still  unknown.  In  1963,.  22  MK  50  SEASTAPLES  were  used  in  the 
Artemis  project  off  Bermuda.  Indications  are  that  these  units 
are  still  in  service.  .  •  • 

Holding  power  tests  made  on  the.  SEASTAPLES  have  clearly  shown  - 
that  holding  power  varies  with  bottom  conditions,  such  as 
water  content,  soil  structure,  etc.  The  average  holding 
power  on  20  test  units  of  the  MK  5-4000  series  sand  fluke  was 
7,400  pounds.  All  these  units  were  tes  ted' .in  _  sand  ,  sand-gravel 
sand-clay,  and  mud-sand-clay  bottom  conditions.  The  MK  5-4005 
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coral  flukes  test  fired  into  concrete  test  blocks  \-:ere  loaded 
to  11,000  pounds  v;ithout  failure  or  pull-out-  Coral  flukes 
embedded  in  shale  held  to  the  breaking  strength  of  the  wire 
rope  pendant,  which  is  13,000  pounds. 

The  MK  50-/«003  series  flukes  rated  at  50,000  pounds  have  held 
to  a  breaking  strength  of  .the  v/ire  rope  pendant  170,000  pounds 
and  have  also  held  74,000  'to  100,000  pounds  in  bottoms,  such 
as  sand,  sand-clay,  and  extremely  soft  shale-  When  the  ground 
structural  strength  capabilities  are  exceeded  the' SKASTAPLE 
is  pulled  free  from  the  bottom.  In  the  higher  loaded  conditions 
the  wings  of  the' anchor  are  usually  bent.  In  this  condition 
the  anchor  could  be  readily  rebuilt  and  reused  again. 

The  materials  used  in  the  manufacturing  of  the  anchor  is  4130 
steel,  heat  treated  to  RC  40-43,  T1  steel  at  Brinnel  321  and 
1020  steel  as  rolled.  The  steels  selected  are  based  on  the 
structural  requirements  as  dictated  by  th.e  various  loads 
imposed  upon  the  anchor. 


The  pendant  for  the  MK  5-4000  and  5-4005  anch 
plow  steel  with  IWRC.  The  MK  50-4003  anchor 
rope  v;ith  IWRC.  Corrosion  resistant  material 
vdepending  upon  the  oxygen  content  expected. 

J 

^Anchor  holding  capacity  is  a  function  of  th.e 
The  MK  5  penetrates  from  4  to  20  feet  and  the 
feet.  An  an  example,  the  MK  50  penetrates  sh 
5  to  6  feet.  The  MK  5  has  been  driven  into  s 
to  a  depth  of  one  and  one-half  feet,  with  res 
up  to  the  breaking  strength  of  the  pendant. 

MK  50  has  held  over  100,000  on  a  shale  instal 
several  cases  up  to  the  breaking  strength  of 
of  the  pendant. 


ors  is  improved 
uses  VHS  wire 
could  be  used, 


anchor  penetration, 
MK  50,  4  to  30 
ale  approximately 
olid  concrete 
ulting  holding 
Likewise,  the 
lation  and  in 
175,000  pounds 


The  anchor  guns  have  proven  capabilities  of  firing  15  to  20 
times  and  can  be  extrapolated  to  over  100  shots  v/ith  ,a  chromed 
bore. 

Preparation  of  the  anchors,  such  as  pre-assembly,,  final 
installation  of  the  cartridge,  and  final  checkout  prior  to 
lov7ering  can  be  accomplished  by  one  man.  However,  NWL  has 
found  it  sometimes  saves  time  to  use  a  two-man  crew. 

The  shipping  container  is  designed  to  serve  as  an  assembly 
fixture  and  rotating  bed  to  ready  the  anchor  and  to  elevate 
it  to  the  ver.tic.al  position  prior  to  swinging  over  the  side 
and  lowering.  With  two  men  v/orking  as  assemblers  and.  a  good 


no 
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winch  or  crane  operator,  anchors  can  be  inplantcd  as  fast  as 
the  crane  operator  can  lower  the  anchor  to  the  botton  and 
fire  it.  By  using  several  'guns  the  assenblers  can  keep 
ahead  of  the  emplacement  crew. 


COMMENTS  ON  CERTAIN  FEATURES  OF' INTEREST  ON  THE' 
NWL  "SEASTAPLE"  ANCHOR  SYSTEM  ' 


Test  Background  '  ' 

An  attachment  to  these  comments  summarizes  past  tests  of 
our  anchor.  Approximately  200  anchors  of  various  sizes 
and  weights  have  been  setl  Approximately  75  percent  of 
the  large  anchors  tested  have  been  set  in  various  kinds 
of  bottoms.  Our  experience  in  both  heavy  and  light- 
anchors  is  adequate  to  support  the  operational  use  of 
this  equipment  at  this  time.  - 

A  large  percentage  of  the  anchor  settings  were  used  for 
■  •  test  purposes  and  the  retrieving  pull  required  (on  a 

vertical  pull)  was  tested  and  recorded  on  most'  settings . 
Based,  on  these  actual  tests  in  various  oceans  abound  the 
United  States  ve  have  a  high  level  of  confidence  on  the 
pulling  power  of  these  anchors  in  various  kinds  of  bottoms 
and  have  quantitative  data  on  the  vertical  pull  in  a 
.large  number  of  tests.  '  . 

Reuse  of  Fluke 

The  fluke  is  retrievable  by  means  of  a  vertical  pull 
which  exceeds  the  holding  power  of  the  anchor  by  50  to 
100  percent.  Thus,  in  any  type  of  soft  to  firm  bottoms, 
'such  as  silt,  sand,'  and  silt-sand  combinations,  the 
retrieving  force  will  bo  found  v»ithin  the  limits  of  ’ 

50  to  100  percent  over  the  rated  pull,  on  a  vertical  basis 
In  case  of  fluke  salvage  of  this  sort  you  can  expect  a 
certain  amount  of  damage  to  the  flukes  of  unpredictable 
type.  Hov;ever,  since  the  flukes  are  not  v/hat  is  known  as 
a  precision  assembly  the  parts  can  be  straightened  or  can 
be  cut  out  with  a  torch  and  hew  parts  welded, in,  with  a 
consequent  saving  in  cost  from  reuse.  In  the  case  of  an 
anchor  set  in  coral  or  shale  reuse  is  not  recommended, 
since  repair  costs  due  to  the  damage  v7ould  exceed  the' 
cost  of  a  new  fluke. 

Rated  Pull 

I 

The  rated  anchor  holding  povjer  is  understood  to  be  a 
straight  vortical  pull  by  means  of  a  winch  operating  at 
a  slow  rale  of  speed. 


Effect  of  Scope  ■ 

The  effect  of  scope  of  the  SEASTAPLE  anchor  is  quanti- 
tavely  unknovm.  He  do  know  that  holding  pov/er  increases 
with  scope  up  to  a  limiting  value.  At  this  time  the 
vertical  holding  power  can  be  assumed  to  be  conservative 
*  when  the  anchor  is  use^d  v/ith  scope.  As , experience  is 
gained  an  improvement  factor  can  be  assigned  to  various 
degrees  of  scope. 

Kon-Destructive  Test  of  Holding  Power 


Once  the  fluke  is  in  the  dead-man  position  the  force 
required  to  pull  the  anchor  free  can  be  estimated  by 
pulling  vertically  on  the  anchor  apd  measuring  the  creep 
of  the  anchor  at  various  tensions.  In  other  v;ords,  a 
50,000  pound  anchor 'could  be  tensioned  to  25,000  pounds 
and  the  rate  of  creep  of  the  winch  noted,  then  50,000 
pounds  and  creep  noted.  From  these  two  values  the 
probable  pull-free  force  can  be  estimated. 


Safety  Precautions 


In  general  we  can  say  that  any  normal  kind  of  'pox^der 
storage  v;ould  be  quite  satisfactory  with  this  anchor. 

The  50,000  pound  anchor  uses  3.5  pounds  of  smokeless 
povjder  of  a  conventional  type.  Such  cargos  of  pox\?der 
can  be  stored  in  a  water-proof  fashion  in  an  area  of  a 
■ship  v;here  accidental  fire  v;ould  not  seriously  damage 
the  -  ship.  The  poxjder  xjill  not  explode  until  confined 
and  thus  is  reasonably  safe.  The  use  of  electric 
firing  systems  with  conventional  igniters  and  conventional 
charging  schemes  means  that  these  anchors  can  be  set  by 
anyone  skilled  in  the  use  of  conventional  explosives. 


With  regard  to  conflict  x^ith  regulations  of  different 
countries,  x%’e  have  no  background  in  this.  We  v/ould 
presume  that  handling  the  pov/der  charges  Xs’ould  involve 
the  same  regulations  as  one  V70uld  find  on  use  of  pox^der  L 
explosives.  These  are  in  common  use  .throughout  the 
t-jorld.  Pov;der  charges  for  these  anchors  can  be  handled 
by  Air  Freight-  in  the  U .  S .  under  proper  shipping 
classif i cation. 

■  •  f, 
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An  investigation  has  been  performed  by  llUL  and  engineering 
details  worked  out  to  replace  the  wire  rope  pendant  by  a 
'chain.  It  appears  that  a  chain  coupling  is  feasible  and 
practical.  A  chain  coupling  would  last  longer  on  the 
bottom,  particularly  in -sand.  Also,  heavy  plastic  coated 
cable  could  be  applied  here  as  an  alternate  solution. 
However,  to  date,  no  test  firings  have  been  performed 
on  this  type  of  installation. 


"VJear"  on  Wire  Rope  Pendants 


One  installation  of  MK  50  anchors  has  been  in  use  since 
1963.  The  usage  is  on  an  intermittent  basis.  Most 
design  criteria  has  been  based  on  a  five-year  life  for 
the  anchor  system.  llovjever ,  complete  data  is  not 
available  to  determine  the  exact  life  expentancy  for 
various  bottom  conditions.  Wire  rope  life  is  based  on 
the  cyclic  motion  at  the  v;ater-bottom  interface,  the 
action  of  sand  particles  within  the  wire  rope  pendant 
creating  chafing  on  the  individual  strands,  the  • 
oxygen  content  of  the  emersion  and  other  factors  assoc¬ 
iated  with  the  location  of  the  anchor  implantment.  It 
is  recommended  that  a  clump  be  used  to  remove  the 
dynamic  effect  of  wave  action  on  the  riser  to  increase 
the  mooring  life.  A  MK  50  implanted  in  shale  was  main¬ 
tained  at  an  operating  load  of  over  100,000  pounds  with 
the  ultimate  breaking  strength  of  the  wire  rope  rated 
at  170,000  pounds. 


Calculations  have  been  made,  both  by  the  Navy  and  by  NWL 
relative  to  the  danger  zone  for  divers  during  firing  of 
the  anchors.  Actual  experience  has  been  had  on  the 
5,000  pound  anchor,  wherein  a  diver  was  within  12  feet 
of  the  anchor.  The  shock  wave  effect  pushed  the  diver 
back  with  no  ill  effects.  To  date,  we  have ’ experienced 
no  fish  kill  during  the  firing  of  any  of  the  -anchors ,  1. 

except  for  one  case  in  which  the  anchor  was  fired  in  a 
horizontal  position.  Fish  have  been  seen  t-o  jump  in  the 
area  directly  over  the  anchor  when  fired;  however,  they 
have  swum  away  with  no  ill  effects.  The  Navy  was  unwilling 
to  comment  on  their  theoretical  calculations  in  'the  event 
that  there  may  be  some  problem  area  arise.  I  believe  that 
this  is  a  consensus  of  opinion  of  anyone  when  being  asked 
for  a  commitment  of  tliis  nature.  This  is  an  area  wherein 
each  contractor  -'.-.ust  develop  his  own  experience  with  his 
own  divers  to  determine  the  level  at  which  he  wishes  to 
work . 
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radio  navigation  system,  developed  by  Decca  Survey  Systems,  Inc. 
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SEA.FIX 


Introduction  •  •  . 

SEA-FIX  is  211  accurate  electronic  posit idn-fixins  system  intended  for  hydrographic  use.  It  was 
developed  in  answer  to  the  need  for  a  quick  reaction  time,  readily  transportable,  reliable  and  accimte 
system  for  offshore  operations  concerning  surveys,  salvage,  mine-sweeping,  and  oceanography,  at  a 
distance  from  land  too  far  for  the  employment  of  accurate  sb.orc-bascd  electronic  position-fixing 
systems;  or  in  a  hostile  situation  where  the  land  mass  is  untenable  for  any  reason.  SEA-FIX  consists  of 
throe  or  four  buoys  housing  transmitting  stations,  and  shipboard  receiving  equipment.  Buoy  stations 
arc  designed  to  witlistand  severe  weather  conditions  and  maintain  an  efficient  watch  circle  in  cu*- :  , 

to  4.5  knots. 

The  transmitting  buoys  are  moored  at  sea  in  a  predetermined  geographical  pattern  and  energized. 
These  buoys,  designated  “Master”  ?jid  “Slaves”,  radiate  electromagnetic  energy  on  a  selected 
frequency  within  the  1 600-2000  Kh/z  range.  Each  radiates  in  turn,  synclironizcd  in  time  sequence 
and  phase  by  control  signals  generated  by  the  Master  station  buoy.  Tlicse  radiated  signals  form 
stationary  wave  patterns  in  space,  known  as  a  “lattice”.  A  receiver  moving  across  this  lattice  gives 
continuous  indication  of  its  position  with  respect  to  the  transmitting  buoys.  If  the  positions  of  the 
buoys  have  been  accurately  determined,  the  data  given  by  the  receiver  may  be  converted  into  geo¬ 
graphical  coordinates  by  reference  to  a  map  or  chart  on  which  the  SEA-FIX  patterns  (lattice)  are 
sliown. 

Two  types  of  lattice  may  be  generated.  These  arc  hyperbolic  and  circular.  Tlic  hyperbolic 
lattice  consists  of  lines  of  equal  phase  difference  between  the  signals  received  from  two  transmitting 
stations.  (See  figure  1).  These  form  navigational  position  lines;  intersection  of  a  position-line  of  one 
ipattern  with  a  line  of  the  other  at  a  user’s  receiver  fixes  his  position.  A  hyperbolic  lattice,  therefore, 
needs  at  least  two  pairs  of  transmitting  stations  to  provide  a  “fix”.  In  practice,  the  master  station  is 
common;  the  remainisig  stations  arc  known  as  “Slaves”.  To  provide  all  around  coverage,  three  slaves 
may  be  used.  The  im.aginary  line  drawn  from  the  master  to  a  slave  is  termed  a  base  line.  In  a  hyper¬ 
bolic  lattice,  the  position  lines  diverge  as  they  recede  from  the  baseline,  resulting  in  a  decreasing 
accuracy  with  distance.  This  decrease  is  shown  in  figure  2,  a  typical  hyperbolic  accuracy  contour 
chart. 

In  eases  where  a  high  order  of  accuracy  is  required  over  a  larger  area,  the  SEA-FIX  system  may 
be  operated  in  the  rangc/rangc  mode.  The  same  number  of  patterns  are  generated  as  in  the  hyperbolic 
mode  but  the  master  station  is  now  installed  in  the  user’s  ship;  this  results  in  patterns  of  a  circular 
shape,  which  arc  centered  on  tlic  slave  stations  (See  figure  3).  V/licrcas  in  the  hyperbolic  mode  any 
number  of  user’s  receivers  may  be  operated  on  one  lattice,  in  a  range/rangc  mode,  only  one  receiver 
may  use  the  lattice.  An  accuracy  contour  of  a  typical  rangc/rangc  configuration  is  shown  in  figure  4. 

The  peculiar  benefit  of  SEA-FIX  lies  in  the  fact  that  it  is  not  dependent  upon  shore  sites  for 
installation.  It  can  cither  be  sited  in  at  known  geographical  points  in  the  sea  or.arrangcd  to  provide,  a 
relative  lattice  wlicn  exact  geographical  reference  is  not  required,  but  accurate  coverage  of  an  are'a 
is  desired. 


DESCRIPTION  .  ■  ■ 

A  SEA-FIX  installation  ready  for  use  is  called  a  “Chain”.  In  a  hyperbolic  chain  the  master 
control  unit  injects  the  .trigger  and  master  pulses  into  a  transmitter  at  the  master  station.  The  slave 
stations  receive  these  pulses,  the  first  of  which  triggers  the  electronic  timer,  the  second  locks  the 
control  unit  to  the  phase  and  fiequency  of  the  master.  The  slave  now  is  “locked”  to  the  master  and 
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on  the  shipbc.r.l  receiver  coi»>’?e»s  whicli,  when  .iparc'j  •.vists  *’■.  >h  f:itt:'-c  ch-Ji  ts,  wi.'i 

give  the  exact  distaiV  iravcllcd.  (1)  'I'i.is  ioo  U  prcdolcrniinetj.  /.i  the  aj'propri.'itc  counter  rcadini;, 
^  liccond  slave  is  placed  in  operation  and  lowered  over  the  side.  (3)  'i’hcrc  tlie.*)  exists  a  Range/ 
Range  configuration  wiiicii  can  be  used  to  position  tJie  Master-station.  In  practice  the  ship  steams 
along  tlie  required  range  circle  from  one  slave  and  lays  a  marker  buoy  in  the  rcciuircd  position  as 
indicated  by  the  readings  obtained  from  the  second  slave.  (4)  Predetermined  readings  are  taken  from 
the  standard  chain  configuration  cables. 

Tlie  master  buoy  is  moored  over  the  position  buoy,  the  baseline  extensions  of  the  two  slaves 
•  crossed  and  the  chain  is  fully  operational. 

Any  number  of  vessels  may  simultaneously  use  a  hyperbolic  chain,  with  only  a  receiver  and 
track  plotter  aboard.  However,  when  a  high  order  of  accuracy  over  a’  large  area  is  desired,  and 
the  use  of  only  one  active  vessel  is  permissible,  the  sea-fix  chain  may  be  rearranged  into  the  Range/ 
Range  mode.  This  entails  operation  of  the  Master  station  and  the  Sea-Fix  receiver  aboard  the  vessel. 

The  Rangc/Range  system  offers  several  distinct  advantages  over  the  hyperbolic  method  of 
operation: 

A.  Only  two  stations  need  be  moored,  thus  saving  time  and  maintenance. 

B.  Computation  of  a  hyperbolic  lattice  is  avoided.  The  position  lines  are  circles  centered  on 
the  two  slaves. 

C.  The  measurements  arc  unaffected  by  “lane  expansion”  and  so  the  effects  of  phase  errors 
in  terms  of  distance  are  relatively  small  over  the  whole  area  of  coverage.  Tlie  area  c.ovcred 
by  the  high-accuracy  contours  is  much  greater  than  that  of  the  hyperbolic  chain. 

To  c.sfablish  a  rangc/range  chain,  only  (he  slaves  arc  moored,  as  in  a  hyperbolic  chain.  Tlie  ship 
then  steams  off  a  distance  and  measures  accurately  the  range  to  each  of  the  slaves.  Several  of  these 
i  .):asurcnients  compared  with  receiver  counter  readings  will  indicate  the  fractional  lane  constant 
%irror  which  must  be  subtracted  in  prcplots'and  post  plots  of  the  area  coverage. 

Accuracy  contours  for  typical  hyperbolic  and  rangc/range  chains  have  been  .shown  in  figures  2 
and  4.  Each  of  the  systems  have  their  appropriate  use  and  either  will  give  repeatability  accuracy  well 
within  the  practical  requirements  of  modern  hydrography  and  oceanograpliy.  Repeatability  of  the 
hyperbolic  mode  of  operation  is  accurate  to  within  .01  Lane;  Of  the  range/ronge  mode,  .015  Lane. 


■  IvUINTENANCE  - 

-  The  SEA-FIX  buoys  are  constructed  of  a  low-maintenance  material  and  require  only  occasional 
cleaning.  A  Lister  LPI  diesel  motor  generator  is  utilized  to  provide  long  life  and  minimum  main¬ 
tenance.  It  can,  however,  be  removed  from  the  buoy  and  serviced  by  any  competent  diesel  mechanic 
when  required.  It  is  recommended  that  at  the  end  of  each  sun'cy,  the  diesel  be  removed  from  the 
“buoy  and  tho:oughly  cleaned. 

The-  electronic  equipment  is  of  solid-state  modular  construction  and  requires  a  minimum  of 
attention.  .  ‘  ' 

An  operating  chain  must  be  serviced  at  least  each  30  days.  '  • 

One  qualified  technician  is  required  for  overall  maintenance  of  the  chain.  He  will  be  stationed 
aboard  ship  with  the  receiver.  Utilizing  iiic  receiver  aboard  ship  he  can  make  rough  checks  of  the 
-slnvc  operation,  and  with  the  proper  test  equipment  can  provide  field  maintenance  and  ovcrliaul  of 
. '  .11)1'  total  chain  when  it  is  hoisted  aboard  ship. 

A  space  aboard  ship  is  required  for  the  maintenance  technician,  in  which  he  can  store  test 
.equipment  and  spare  parts,  and  perform  bench  maintenance  of  electronic  units.  In  chains  wliich 
^  ^ipcratc  for  very  long  periods  between  recovery,  it  is  advisable  to  have  spare  transmitters  and  control 
units  to  facilitate  servicing.  This  permits  replacement  of  units  and  assures  a  miiiiimim  down  time 
u-  .  •  of  the  chain. 
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ission  (frequency) 
fretitiency 
Type  of  transmission  '  , 
Switching  rate' 

Radiated  power 

Maximum  operating  range  (over  sea) 
Maximum  receiver  speed 
Power  supply 

Refuel  time 
Fuel 


lugger 


Nominally  in  the  band  1600- 1 SOO  kc/s  (kHz) 

\ 

Transmission  frequency  less  60  c/s  (llz)  l  •  • 

’  *  • 

I 

Interrupted  continuous  wave,  time  multiplex  i 

•  I 

i 

Five  times  per  second  ^  ‘ 

Approximately  L5  watt  from  30  feet  vertical  antenna 
SON  Miles  .  ■  ‘  ’ 

One  laiic  per  second 

From  22V  to  28V  d.c.  provided  by  Lister  LPl  Diesel  M/G 
delivering  15  A  at  24VDC 

SGdays 

10  gallon-consumption  rate  of  1  Ib/day 


>'strumcntal  Accuracy 

Better  than  0.0 1  lane 

lineal  Positioning  Accuracy 
of  the  System 

Better  than  1  meter  on  the  baseline  under  optimum  condi* 
tional.  This  figure  represents  long-term  and  short-tenn  re¬ 
peatability  over  sea  water  at  the  65%  probability  level. 

BUOY  STATION  CHARACTERISTICS 

•  ^ 

Buoy  station  complete 
(without  moor  block) 

1000  lbs  dwt.  . 

2800  lbs  net  buoncy  • ■  * 

18'  loa.  4'  draft,  32'  height  above  water  to  tip  of  antenna. 

THE  BUOY 

Length 

18'  divided  into  two  9'  unsinkablc  sections 

Depth 

•  «  • 

4‘'  •  ■  ■'  ■ . 

Beam 

2'  •  ■ 

\ 

Weight  in  air  (less  equip) 

600  Lbs. 

Mooring  Equipment 


Integral  mounted  reel  w/200'  of  3/16"  wire  rope.  60'  elastic 
accumulator.  (L500  lb  concrete  block  with  short  length  2" 
chain  is  customer  furnished) 


V/atch  Circle 


5'  in  180'  water  depth  @  1.5  Knot  current 
10'  in  200'  water  depth  @  2.5  Knot  current 


-Qjii  prcparins  (he  cliain  for  operation,  (figure  12)  (he  (wo  halves  of  each  buoy  arc  married  and 
^(Tited:  The  b.tll;«st  bJock  iyscau-ed  to  tire  bottom' sccItOjrtff  .hehibOJihi'lfl.'Bl  pipe*. 'The  clcClroiiiO 
..piipiucnt  is  cheeked  for  proper  operation  and  the  batteries  arc  tested.  Tlie  diesel  generators  arc 
jMried  to  ensure  proper  operation  and  the  fuel  supply  is  checked.  Then,  when  the  ship  is  exactly  in 
position,  the  first  buoy  is  lifted  clear  of  the  ship,  the  anchor  block  is  fitted  and  made  ready  for 
lowering.  Tlie  anchor  block  is  lowered  by  a  separate,  buoyed  line  (figure  13)  which  is  allowed  to 
float  after  the  station  is  moored,  and  is  used  to  rclricvc  the  block  and  anchor  line.  If  circumstances  do 
-  not  permit  recovery  of  the  mooring  gear,  it  may  be  released  from  the  reel' and  allowed  to  fall  to  the 
bottom  of  the  sea. 

As  the  anclior  block  is  lowered,  the  wire  rope  on  the  buoy  reel  will  pay  out  until  the  block  ‘ 
reaches  the  bottom.  At  this  instant,  the  reel  is  locked  and  will  maintain  a  tension  of  500  lbs  on  the 
line  to  ensure  the  minimum  watch  circle  for  the  buoy.  Tlie  station  is  operating. 

Tlie  ship  will  then  proceed  to  each  of  the  other  predetermined  locations  and  follow  a  similar 
launching  procedure  for  the  other  buoys. 

Tlicre  are  several  methods  of  laying  the  chain  and  placing  it  in  operation.  Among  which  are: 

A.  Known  predetermined  geographical  positions  for  master  and  each  slave. 

B.  Cnidc  positioning  of  the  master  by  means  at  hand  and  positioning  of  slaves  by  electronic 

relationship  to  master.  [  .. . 

C.  Laying  the  chain  to  match  a  predetermined  lattice. 

It  is  to  be  noted  that  the  exact  geographical  coordinates  of  an  offshore  operating  area  required 
for  A  above  will  seldom  be  known  within  the  accuracy  of  a  few  feet.  Consequently,  the  SEA-FIX 
^  '^^tem  will  more  often  be  positioned  using  method  B  (figure  14)  by  fixing  the  position  of  the 

# aster  station  by  dead  reckoning,  astro-fix,  or  some  other  electronic  positioning  means  such  as  radar. 
The  master  station  is  planted  based  on  such  location  information  as  Is  best  determined  with  the 
tools  at  hand.  (1)  the  ship  steariis  on  a  bearing  along  one  edge  of  the  desired  operating  area,  estimating 
its  position  from  the  master  station  by  the  best  means  available.  When  a  baseline  of  appropriate 
length,  say  15  miles,  has  been  covered,  the  first  slave  is  lowered  into  the  water  in  the  same  manner  as 
the  Master,  operation  checked,  and  moored.  (2)  The  ship  then  steams  across  the  extension  of  the 
baseline  from  master  to  slave  and  the  pattern  reading  of  the  apjjropriate  counter  in  the  receiver  is 
logged.  (3)  From  the  slave,  the  ship  steams  off  on  a  bearing  such  that  the  angle  made  with  the  first 
baseline  is  30  degrees.  After  a  further  25  miles,  the  second  slave  is  lowered  and  moored  as  before. 
(4)  The  baseline  extension  of  this  slave/master  combination  is  crossed  and  the  appropriate  pattern 
reading  on  the  ships  receiver  is  logged.  (5)  Finally,  the  vessel  returns  to  the  master  station,  approxi¬ 
mately  15  miles  away.  (6)  This  chain  will  then  have  an  angle  between  baselines  of  about  120 
degrees.  For  most  purposes,  base  angles  of  120-150  degrees  have  been  found  to  give  the  best  com¬ 
promise  between  accuracy  and  area  of  coverage.  At  the  master  both  baseline  extensions  arc  crossed 
and  the  pattern  counter  readings  again  logged;  subtraction  of  these  readings  from  the  previous 
individual  slave  baseline  readings  gives  the  length  of  each  baseline  in  lane's."  ' ' 

Tliis  information  is  given  to  the  cartographer  v/ho  will  prepare  the  hyperbolic  lattice.  In 
addition  to  this  input,  the  cartographer  must  know  the  general  layout  of  the  chain  and  the  speed  of 
propagation  of  radio  waves  within  the  area  illuminated  by  the  chain. 

Although  less  accurate,  method  C  (figure  15)  is  preferred  for  speed  of  establishing  operations. 
In  this  method,  lattice  charts  arc  prepared  by  the  cartographer  to  suitable  scales,  in  advance.  Each 
^  vessel  engaged  in  the  operation  is  provided  a  qitantily  of  each  lattice  chart.  The  chain-laying  vessel 
Alien  prepares  the  buoys  for  launcliing  as  indicated  above.  However,  in  this  method  the  slaves  arc 
uiid  first.  The  master  and  one  slave  arc  placed  in  opcmlion  on  deck  of  the  vessel.  ( 1 )  The  sl.ivc  is 
lowered  over  the  side  and  moored.  The  vessel  proceeds  on  a  heading  toward  the  desired  location  of 
slave  number  two.  The  master  buoy  aboard  the  vessel  and  the  slave  in  the  water  will  provide  a  reading 
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contains  a  pha:;c  ilaltitn  v/hjcli  is  cunliiutaily  updaCcd  by  and  kept  in  phase  with  tlic  master  trails* 
•nission.  I:ach  slave  control  unit  then  in  time  sequcncy  injects  a  pulse  into  its  associ  ited  transmitter. 
'  slave  radiated  sijiiai,  tcn;ether  with  that  of  the  master,  is  picketl  in)  bv  the  tiser*£  rcceiyej.-wl»ch. 

iTifaiwrTe'slim  operations  area.  Where  three  slaves  are  used,  three  sets 
of  hyperbolae  are  generated  called  patterns  1, 11,  and  III.  Any  two  patterns  are  selected  by  the  user; 
ihc  position  lines  of  each  arc  registered  on  numerical  counters.  At  any  given  instant,  a  fix  is  provided 
by  the  observed  readings  on  both  counters, 

^  In  a  rangc/.rangc  chain  two  slaves  are  positioned  as  in  the  hyperbolic  chain;  however,  the  master 
;  station  is  installed  aboard  the  ship  together  with  the  user’s  receiver.  When  the  ship  traverses  the 
;  operations  area,  tlie  baselines  created  between  the  master  aboard  ship  and  the  anchored  slaves  vary 

•  in  length  and  the  user’s  receiver  sees  patterns  of  circular  position  lines  centered  on  the  respective  slave 
stations.  Fixes  arc  registered  by  the  lane  counters  .as  before,  except  that  counts  arc  .arranged  to  ascend 
as  distance  from  the  slaves  increases,  whereas  in  the  liypcrbolic  chain,  the  counts  increase  with 
distance  from  the  master  station. 

:  As  indicated  in  figure  5  (timing  chart)  a  sequence  of  transmissions  occurs  five  times  a  second  or 

once  every  200  .nilliscconds.  The  trigger  pulse  occupies  the  first  20  milliseconds  of  a  sequence 
;  followed  by  a  10  millisecond  buffer  period  to  ensure  that  the  slave  timer  is  synchronized.  Tire  master 
transmitter  buoy  then  radiates  for  40  milliseconds,  followed  in  time  sequence  by  each  of  the  slaves, 

.  All  of  the  buoys  radiate  on  the  same  frequency  with  the  same  power  and  b.'uidwidth. 

The  master  station  consists  of  a  Master  Control  Unit  and  Transmitter  (sec  figure  6),  Diesel 

•  Generator,  batteries,  fuel  supply  and  antenna  mounted  in  a  buoy  .and  designed  for  unattended 
operation  for  periods  extending  as  long  as  30  days.  Alternate  power  supplies  are  available.  Batteries 
alone  may  be  used  for  operating  periods  up  to  four  d.iys.  A  “pinger”  can  be  added  to  each  buoy  to 

^  *acilitate  location  and  recovery  in  emergencies.  .  ■  . 

Each  slave  station  consists  of  the  sanic  elements  as  the  transmitter  station  except  that  a  sl.avc 
^^•onlrol  unit  is  used. 


;  Each  of  the  buoys  is  identical  in  appearance  (sec  figure  7)  and  each  is  moored  with  an  identical, 
1  one-point  moor  consisting  of  200'  of  3/16"  wire  rope  cable  wound  on  a  winch  atop  the  buoy  and 
I  attached  at  its  free  end  to  a  blcck  of  concrete  and  a  danforth  anchor. 

I  As  an  alternative  floating  station,  Decca  offers  SEA-FIX  mounted  in  inflatable  rafts  suitable 
j  for  short-term  operations  in  moderate  to  smooth  sea  environments  (see  figure  8).  The  equipment  is 
housed  in  water-tight  fiberglass  molded  containers  and  is  sbeured  in  the  raft  at  time  of  launching.  Tlic 
raft  reduces  to  two  packages:  a  42"  x  20"  cylinder  and  a  34"  x  25"  x  5-1/2"  carrying  case. 

The  shipboard  installation  consists  of  a  SEA-FIX  receiver,  associated  power  source,  and  an 
antenna  mounted  as  near  the  electrical  center  of  the  vessel  as  possible.  The  receiver  is  generally 
mounted  at  the  plotting  position  within  the  bridge  and  can  be  installed  cither  temporarily  or 
permanently  (See  figure  9). 

In  addition  to  the  receiver,  a  Dccca  Track  Plotter  is  installed.  (Sec  figure  10).  The  Track 
Plotter  accepts  SEA-FJX  receiver  outputs  and  dispLays  lane’ count  readings  in  rectilinear  coordinates 
plotted  on  a  graph  by  a  stylus.  By  use  of  the  track  plotter  a  continuous  recording  of  position  is' 
maintained  as  an  aid  to  steering  and/or  as  a  permanent  record  of  the  area  covered  by  the  vessel. 

Tlic  mooring  system  (sec  figure  1 1)  consists  of  a  4"  diameter  drum  wire  reel  with  a  disc  brake, 
upon  which  is  rolled  200’  of  3/16"  diameter  wire  rope.  The  reel  is  mounted  atop  the  buoy  and  feeds 
the  mooring  wire  througli  the  center  of  the  buoy  and  its  ballast,  to  end  in  a  60'  length  of  clastic 
shock  cord.  The  shock  cord  consists  of  4  clastic  cords  3/4"  diameter.  Permanently  secured  to  the 


(  free  end  of  the  cord  is  a  three  foot  length  of  1/2"  chain.  Tliis  chain  connects  the  mooring  harness  to  a 
'^P500  lb.  concrete  block  and  a  steadying  danforth  anchor.  The  system  is  designed  to  maintain  a 
mooring  tension  of  500  lbs  whicli  will  ensure  that  the  buoy  maintains  a  minimum  watch  circle  in 
conditions  of  heavy  seas  or  high  current.  •,  ; 
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Tlilv  GENERATOR 


Output 

Batteries 

Operation 


Fuel 

Fuel  Capacity 
Fuel  consumption' 


the  ANTENNA 
THE  TRANSMITTER 


,^Po\ver  output 
owcr.input 


d 


THE  CONTROL  UNIT 
Power  input 

SHIPBOARD  INSTALLATION 
THE  RECEIVER 

Power  input 
Readout 


Lister  LPl  Diesel  ijeneratbr  developing  ^  ."S^rp.  ISOO  RPM  "  ‘ 

« 

I 

15  amps  (2  24  volts  1  - 

' 

2,12  volt  100  All  heavy  duty  j 

'  i 

I 

Demand.  Automatically  starts  when  battery  voltage  decreases 
to  22.SV  and  runs  until  batteries  arc  charged  to  90%  of 
maximum  capacity. 

.  Diesel  fuel .  .  - 

10  gallons  to  provide  an  operating  period  of  30  days 

1  lb  per  day 
30'  fiberglass 

Dccca  SEA-FIX  solid  state 
1.5  watt 

2  amps  at  24  volts,  key  down  condition-.S  amp  Avc  current 
Dccca  SEA-FIX  master  and  slave  control  imits 

.6  amps  at  24  volts 

Dccca  SEA-FIX  receiver  designed  for  shipboard  temporary  or 
permanent  mounting 

2.7  amps  at  24  volts  (provided  from  batteries  or  vessel) 

Decca  counter  numerically  indicating  lanes  and  parts  of  a  lane 
suitable  for  2  simultaneous  readouts 
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•  -  *  TABLE  OF  WEIGHTS  AND  DIMENSIONS 


ITEM 

WEIGHT 

LENGTH 

WIDTH 

HEIGHT 

r--. 

•  t 

buoy  station  complete 

1000  lb 

18' 

2' 

32'  to  tip  of  antenna 

T- 

MOORING  HARNESS  COMPLETE 

1750  lb' 

(including  1500  lb  concrete  block) 

TRANSMITTER 

• 

61b 

24" 

9" 

•  6" 

CONTROL  UNIT 

lO-J/2" 

24" 

9" 

6" 

‘  i  * 

ANTENNA 

64  lb 

30' 

whip  base  mounted 

■  • 

GENERATOR 

140  lb 

•  17-3/8" 

12-7/8" 

17-1/8" 

il^ERIES 

601bca 

16" 

8" 

8" 

*1  ( 

t 

FUEL  CONTAINER 

10  gallons  integral  to  buoy 

• 

RECEIVER 

29-3/4  lb 

17-1/4" 

12-7/8" 

'8-1/2" 

• 

TRACK  PLOTTER  - 

541b 

17-1/2" 

15" 

15-3/4" 

— ■ 

INFLATABLE  STATION 

900  lbs 

12'  6" 

4' 10"  ■ 

3' 

■  ■ 

(top  of  case  to 
bottom  of  raft) 


1^5 


time  IM  MILU 'SECONDS 


20'  SO 


70 


no 


ISO 


rto 


Issssfc 


\\\\v\\v\\w 


.  I 


trigger 


MASTER 


^ssssss 


SLAVE  I 


SLAVE  2 


SLAVE  S 


!  > 


Fig.  5.  Time  Sharing  of  Master  h.  Slave  Transmissions 
'  '  130 
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Reduced  theodolite  Readings 


Universal  Transverse  Mercator  Grid  Coordinates 
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